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Foreword 


Since the publication of the WTiter’s first comprehensive studies of spot 
testing and specific reactions such marked progress has been made that this 
type of analysis and the systematic search for new reagiuits have become 
recognized fields of research. The applications of this new approach are 
gratefully accepted by progressive analysts. This development is also 
evidenced by the fact that increasing numbers of modern textlwoks and 
laboratory manuals dealing with inorganic analysis are including the use 
of more and more spot reactions and organic reiigents. Consequently, 
even students in training are now made acquainted with these newer 
analytical methods. 

As to spot analysis in particular, it is now common practice to utilize 
spot reactions merely as a supplement to qualitative inorgariic analysis; 
therefore, these applications are encountered mostly in the early part of 
the chemical curriculum. The writer’s experience as a college and uni- 
versity teacher leads liim to believe that tliis sort of introduction to spot 
testing, which usually is not followed by any further use of this technic, is 
fundamentally wrong. It has little, if any, pedagogic value and bears 
only the remotest relation to the true province of application of spot analy- 
sis. The author has developed, taught, and used .sjwt tests for more than 
twenty years and so feels competent to assert that under no circumstances 
should spot test analy.sis be considered as a mere special technic, to be 
labelled vvitli the inadequate designation semi-microanalysis.” 

Spot analysis admittedly aims at microanalytical objectives. However, 
it purposefully draws upon and utilizes all sorts of possibilities that may 
provide usable tests. Consequently, it Is linked to so many special fields 
of chemistry through its theoretical bases that it itself becomes a division 
of this science. Spot analysis owes its evolution and growth solely to the 
fact that it was consciously regarded as a branch of “the chemistry of 
sensitive and unequivocal reactions.” 

The average student in the early stages of his training is simply not 
equipped, therefore, to understand the chemical basis of spot reactions, 
since they involve organic reagents, complex compounds, catalyzed reac- 
tions, and so forth. At the most, he acquires a facility that enables him to 
finish a practice analysis with more dispatch, but he applies these reactions 
in a purely mechanical fashion. Such blind routine usage can never be a 
desirable educational goal ; the analyst must have a full understanding of 
all the steps used in the analytical procedure. In other words, he must 
analyze his method as well as his sample. This is precisely why the classic 
schemes of qualitative analysis afford a body of instructional material that 
is so appropriate and also fully adequate for the needs of beginning courses. 
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The reactions are more uniform with respect to their chemical bases and 
are more easily understood. When these older methods are conducted 
on a semimicro scale and as spot reactions, much has been done to further 
the laudable trend of modem methods of instruction in analytical chemis- 
try: i.e., to teach the student, as early as possible, the need for every 
economy of time and material. 

Spot analysis can be included in the maturer stages of chemical training 
with entirely different success, and to reach quite different didactic objec- 
tives. After the student has completed courses in inorganic, organic, and 
physical chemistry, he will have the requisite background to understand 
the use and application^of such things as the effect of capillary processes, 
and will be able to use intelligently organic reagents, complex formation, 
catalyzed reactions, etc. Furthermore, he will encounter ample oppor- 
tunity to review and make useful application of many facts that had been 
treated abstractly in the preceding lecture courses. There are other 
cogent reasons for postponing spot analysis to a later point in the curri- 
c\ilum. Spot reactions can be used successfully in qualitative organic 
analysis, in the testing of industrial materials, in studies of rocks and min- 
erals, etc. The immature chemistry student naturally will have no 
comprehensive appreciation of, or interest in, these particularly excellent 
ap])]ications of spot applications, which may come to have high practical 
value in his later professional life. This also holds for the use of spot testing 
in microchemistry. The advanced student, who has already acquired a 
manual dexterity in the conventional laboratory courses, will be able to 
master easily the micro chemical technic of spot test analysis. He should 
also be able to decide for himself when and where these methods can be 
used to advantage. Furthermore, he will be aware of the general limita- 
tions that are inherent in microchemical methods and that restrict their 
employment. 

Spot tests are used first of all in the identification of definite materials 
encountered in the course of the qualitative macro- and microanalysis of 
inorganic samples. The detection of organic compounds, or of charac- 
teristic groups of atoms in such compounds, comes next and leads to the 
third stage in this progression, namely, the solution of the microchemical 
problems presented by qualitative inorganic and organic analyses. Spot 
tests can often furnish the answers to such problems quickly, and with the 
consumption of very small amounts of materials. Important points can 
thus be cleared up when testing industrial raw materials and products, in 
the determination or recognition of rocks and minerals, and in the study of 
biologically active substances. Spot colorimetry is an excellent example 
of the possibility of using the new method for quantitative semimicro and 
micro determinations, which are so valuable as directive or preliminary 
analyses, or which can be used to advantage in process control. 
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This extensive and varied field of application of spot testing goes beyond 
the bounds of a purely analytical objective if the theoretical foundations 
of the particular methods, together with their relations to the various 
dimions of chemistry, are kept in mind. A comprehensive survey which 
thus includes theor>’ as well as practice, will demonstrate clearly the truth 
of the foregoing statement that spot test analysis constitutes a branch of 
the chemistry of sensitive and unequivocal reactions. The author is 
confident that many college and university teacliers will concur in his 
con\iction that the aim of chemical instruction includes considerably more 
than training the student to make a reliable analysis, or to turn o\it an ac- 
ceptable preparation, or to take accurate physical measurements. Neither 
is the learning of isolatetl facta the solo aim of a cliemical cnlucation. Ex- 
tremely important teaching goals arc: the closest possible articulation of 
handiwork and knowledge; the development of a critical sense; the ac- 
quisition of the ability to discern the relations of individual observations 
and findings to each other. Instruction in a^xit analysis can contribute 
much to these ends if its manual technic and analytical aims are correlated 
with the underlying theory. The author, accordingly, Ixdicves that there 
are excellent pedagogic, iis well as practical, reasons for including iastruc- 
tion in sfx)t test anal^^sis in the chemical curriculum. The subject should 
be presented in its total a.spects and, consequently, as a six>cial cour.se for 
adetpiatcly prepared students. This book has been written to serve this 
purpose and to fill a definite need. All jjarts of the subject were taken into 
account when the arrangement was planned, and the topics have been 
treated from viewpoints which the author has found holi)ful tlirough many 
years of research, teaching, and actual practice. The professional chemist 
has also been kept in mind in the planning of this text. It is hoped that 
he will find here a well rounde<i and praetical presentation of spot test 
analysis. 

The Manual opens with a general dLscussion of the theoretical founda- 
tions of the subject. Then follows a chapter on the technic of spot testing, 
including a description of the necessary equipment. Next comes a chai)ter, 
in six parts, giving an extended treatment of surface and capillary effects, 
which are of such great importance in spot reactions. Appropriate instruc- 
tive experiments are described. Tlie following chapter deals with spot 
reactions designed to detect or identify inorganic materials. When plan- 
ning this chapter, special care was taken to depart from a mere succession 
of individual tests. Analogies in the chemical bases of the tests were used 
as the guiding principle in arranging the subject matter. This results in a 
clear picture of the most varied types of reactions and their analytical 
utilization. The next chapter, on Qualitative Organic Spot Analyses, con- 
sists of three parts: Detection of certain elements in organic compounds; 
Detection of certain characteristic groups of atoms; Detection of certain 
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compounds. This arrangement accords best with the fundamentally dif- 
iwent tv proUems eneomlered in <\\ia\itatwe orgabiiv; analysis , The 
three succeeding chapters deal respectively with the practical application 
of spot reactions to the testing of: Rocks and minerals; Industrial materials; 
Biological substances. Numerous practical examples are given in each of 
these chapters. The Manual closes with a chapter on Quantitative Deter- 
minations by means of Spot Colorimetry. 

The foregoing survey of the text shows that the pedagogic objective has 
been given a prominent place in all parts of this book. It was for this 
rea.son that the chapter dealing with the technic of spot test analysis is 
developed in such detail, with instructions not only for all the general 
methods of procedure bu*! also for the installation of a separate laboratory 
for spot test analysis. A general discussion of the main topics to be 
treated opens each chapter and division. The chemical basis for every test 
is given as well as adequate working directions. The choice of experiments 
has been dictated largely by the desire to use examples which are both 
characteristic and also of important practical value. Constant stress has 
been laid on the microchemical aspects. A critical evaluation has been 
given for each test as to its specificity and selectivity. The interference 
due to accompanying materials is considered in every case, and directions 
are given for obviating this interference, provided the “foreign” material 
does not exceed certain limits. In all, about 180 experiments are included. 
These can be performed easily in a course extending over 2-3 months, by 
students who have had some previous training in chemical manipulations. 
Additional exercises and a more detailed discussion of the underlying 
theories will be found in the writer’s previous books: “Qualitative Analysis 
by Spot Tests” translated by Janet W. Matthews (second edition, 1939, 
New York City) and “Specific and Special Reactions” translated by R. E. 
Oesper (1940, New York City) where pertinent references to the original 
papers will be found. 

Despite the writer’s long experience in the field of spot test analysis, he 
has spent almost two years in composing the manuscript, because he was 
seeking to give a comprehensive treatment according to correct pedagogic 
principles in this manual designed especially for teaching purposes. He 
also had to develop new examples that w^ould be particularly apposite for 
their educational value. Consequently, this book, in addition to fairly 
familiar material, contains numerous examples and applications of spot 
reactions that arc published here for the first time. The necessary studies 
were made in the Laboratorio da Produ 9 ao Mineral, in which the Ministerio 
da Agricultura has installed a special research division for spot test analysis 
and microchemistry. 

Messrs, P. E. Barbosa, N. Braile, G. F, Dacorso, L. I. Miranda, and H. 
A. Suter have rendered excellent assistance in these fields. The writer also 
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wishes to thank his friend Dr. Mario da Silva Pinto, Director of the 
laboTatoxy , 1 OT his mteiest and support of our work. His co- 

operation has contributed markedly to the composition oNhis book. 

Special thanks are due to Professor Ralph E. Oesper, University of Cin- 
cinnati. He not only accepted the onerous task of carefully translating the 
manuscript, but also has given valuable advice on various points. The 
publishers, “The Academic Press” of New York City, are responsible for 
the book’s attractive appearance. 


Rio de Janeiro, Brazil 


Fritz Feiql 
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Chapter I 


THEORETICAL FOUNDATIONS 
OF SPOT TEST ANALYSIS 

It is common practice to determine whether a solution is acid or basic 
by placing a drop of the liquid on litmus paper, or by bringing a drop of 
the sample into contact with a drop of indicator solution. In the same 
way, the completion of certain electrolytic depositions and precipitations 
can be established by removing a droj) of the electrolyte and testing it 
externally with a drop of an appropriate reagent.. Such tests are called 
“spot reactions.” The application and judicious extension of this principle 
of accomplishing a chemical reaction within the volume of one drop is the 
basis of the technic variously known as “spot test analysis,” "spot tests,” 
“spot analysis,” “the spot method,” “drop tests.” Tlie goal of this 
branch of qualitative analysis is to develop analogous procedures for the 
detection or identification of the largest possible numlx^r and variety of 
inorganic and organic materials. A prime characteristic of a true s|x)t test 
is that it should not require the aid of any ()])tical instrument to determine 
the outcome of the test. 

The substitution of single drops of the test solution and of the reagent, 
or the use of one drop of the test solution, brought onto a suitable reagent 
paper, in place of the larger volumes required for test tube reactions, etTccts 
a distinct economy of both time and materials. These acl vantages, in 
addition to others which will be discussed later, offer cogent arguments for 
replacing reactions in test tubes, in general, by spot reactions. There were 
definite reasons why this substitution, beyond a very limited extent, had to 
be postponed until a rather recent date, but now that the obstacles are 
overcome, a new technic of qualitative macro- and microanalysis has been 
developed. Reactions that are satisfactory in test lulx3S do not always 
succeed if they are tried by merely mixing drops of the solutions. There 
are various reasons for this. Certain operations, such as mixing, heating, 
extraction, etc., cannot be accomplLshcd in the ordinary fashion in spot 
reactions, and hence demand modifications in working methods. Further- 
more, tests are known that are quite good in the usual (2 to 10 ml.) volumes 
employed in test tube reactions. They fail, however, as spot reactions, 
not because the concentrations are different, but because the absolute 
quantity of the characteristic reaction product contained in one drop is 
not sufficient for it to be positively identified. Consequently, the pre- 
dominant characteristic of a good spot reaction Is that the chemical change 
must produce a material that can be easily and quickly detected. Tills is 
known as the misitivily of a reaction. 
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Care must always be taken to distinguish between quantity sendtmty 
and concentratiqn sensitivity. A precise, numerical expression of quantity 
sensitivity is given by the identification limit. This is defined as the 
minimum quantity (in micrograms) of material, which can just be revealed 
by the given reaction. 

1 microgmm »» 1 ^ig. * 1 gamma (ly) =* 0.001 mg. = 0.000001 g. 

If the identification limit of a test is stated to be 0.01 7 the reaction can be 
regarded as excellent with respect to the quantity of the material that can 
be detected. However, this figure alone is not sufficient if the over-all 
sensitivity is being appraised. Obviously it makes a difference whether 
0.01 -y of a material 5an be detected in one micro- or one macro-drop 
(0.001 -O-OS ml.) or in 1, 5, 10 ml., or in a still greater volume. Only when 
the identification limit is supplemented by a knowledge of the volume in 
which the detection is just possible, can a statement be made concerning 
the prevailing dilution. This limiting value of the dilution, which ex- 
presses the concentration sensitivity of a test, is known as “the limiting 
concentration,” “dilution limit,” or “concentration limit” 

The sensitivity of a test {quantity and concentration sensHivity) therefore 
can be defined or accurately characterized by stating both the identification 
limit and the concentration limit. 

The usual method of determining the sensitivity of a test is to proceed 
from a solution of known strength. Other solutions are prepared by 
progressive dilution of this standard solution as long as the test gives posi- 
tive results. The volume of the diluted solution taken for the test and the 
weight of the solute contained in it are then known. As soon as these data 
concerning the identification limit and the volume of the test solution are 
available, it is easily possible to calculate the corresponding concentration 
limit. This can be defined as the ratio of the weight (in grams) of the 
substance to the weight (in grams) of the solution. In the case of aqueous 
solutions, and particularly if they are dilute, no significant error is intro- 
duced by replacing grams of solvent by the volume (in ml.) of the test 
solution. If the identification limit is expressed in gamma and the volume 
in ml. then 

. .. .. .. , volume X 10* 

concentration limit = l : ~ — ~ — : — 77— r U) 

identification limit 

For example, if 0,1 y can be detected in the following volumes of test 
solution, the corresponding concentration limits are: 

10 X 10* 

O.I7 in 10 ml. .•* 1:— ■ - 1:10« =■ 1:100,000,000 
1 X 10* 

O.lyin 1ml. - - 1:10» - 1:10,000,000 
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O.ly in 0.05 ml. ••• » 1:5 X 10* » 1:500,000 

. 0.001 X 10* 

O.lr ID 0.001 ml. 1:-- = 1:10* » 1:10,000 


These sample calculations demonstrate the imix)rtance of considering not 
merely the attainable identification limit but also the respective volumes of 
the test solutions when appraising the sensitivity of a reaction. The 
maximum dilution of a solution at which the test still gives ix)sitive results 
can be stated only when this volume is taken into account. The quantity 
0.1 y is, of itself, an extremely small weight of imiteriul, and if this minute 
quantity can be detected in 10 ml. or 1 ml. or efen in 0.05 ml., the term 
“very sensitive” can justifiably be applied to a reaction which succeeds even 
at these high dilutions. On the other hand, 0.1 y represents a relatively 
large quantity of material if it is concentrated within a inicrodrop (0.001 
ml.) where it forma merely a 0.01 per cent solution, which certainly is not 
a high dilution. 

The foregoing calculations demonstrate that the statement of the identi- 
fication limit alone is not sufficient to judge the sensitivity of a test; the 
corresponding dilution must also be taken into account. On the other 
hand, the mere declaration of the dilution is not enough either, for if no 
more is stated about a test than that it cun be carried out successfully at a 
given dilution, say 1 : 100,000, no information has been given concerning 
the volume of this highly diluted solution in which the test is accomplished. 
Only when this latter figure has also been given is it possible to apply the 
foregoing formula and calculate the corresponding identification limit from 
the dilution and volume of the test solution. For example, if a test suc- 
ceeds in 5 ml. of a solution, whose dilution is 1:100,000, then by equa- 
tion (1) 


1 : 100,000 " 1 : 


6 X 10* 


1:100,000 = x:5X 10* 
5 X 10* 

X =» 

1(P 


507 . 


Consequently, if a test succeeds in 5 ml. of a solution, whose dilution is 
1:100,000, and fails if a smaller volume of the test solution Ls taken, then 
the corresponding identification limit is 50 y. A test of this caliber cannot 
be regarded as sensitive. If, on the contrary, a solution of this same 
dilution gives a positive result when tried as a spot reaction (0.05 ml.), 
then the test is really sensitive, as its identification fimit is 0.5 y. 

In calculating the dilution limit, only the volume of the test solution 
b^ore the addition of the reagent is used, and not the volume after the 
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reaction has taken place. The latter volume is sometime given when a 
worker is seeking to report the largest possible figure for the dilution. 
This is completely misleading, because the real and only point at issue is 
to discover the volume of test solution in which a test is still possible. 

I'he sensitivity of a test must never be judged solely by the smallness 
of the identification limit (quantity sensitivity) nor by the high dilution 
(concentration sensitivity) alone; the particular quantity and concentra- 
tion sensitivity must always be considered conjointly. Only those tests 
can be considered sensitive, using the term in its vridest sense, which are both 
quantity- and concentration-sensitive. In other words, the identificaiion 
limit must be low and the concentration limit high. 

If the sensitivity of a ^pot reaction is checked by progressively diluting 
a given standard solution, and then at each dilution, one drop is taken for 
the test, different observers will practically never agree absolutely in their 
determinations of the identification limit, even though the same experi- 
mental conditions have been closely maintained by all. Almost always 
there will be a certain range of variation. This variation depends on the 
individual characteristics of the observers and on whether the eye has been 
adjusted or trained to perceive slight changes in the reaction system. The 
range of dilution in which a test sometimes succeeds and sometimes fails 
is called the “region of uncertain reaction.” This region is not peculiar to 
spot reactions; it is a general characteristic of all types of chemical tests. 
The region is most extensive in the case of precipitation reactions which 
give rise to crystalline or amorphous products (supersaturation phenomena, 
colloid formation, etc.), and less marked in color reactions. Consequently, 
the statement of the identification limit of a test should always include the 
quantity of a material agreed upon by unprejudiced observers, who, after 
frequent repetitions of the procedure, state that this particular quantity 
can be detected by the formation of a precipitate or the development of a 
color. In other words, this quantity is definitely outside the region of 
uncertain reaction. 

It must be noted that the identification limit and the concentration limit 
of an analytical test are not invariable and characteristic quantities, Like 
chemical or physical constants. Entirely apart from the influence of the 
other materials present, which is often extensive, these figures are always 
dependent, to a greater or less degree, on the particular volume and the 
details of the procedure. If, for example, a certain reaction is carried out 
with a solution of a given concentration (dilution) of the material to be 
detected and the test is made as a spot reaction, and in volumes of 5 or 50 
ml., then the corresponding identification limits and concentration limits 
will be different in each case. The figures that are valid for a given volume 
will, as a rule, furnish only an approximate orientation for the values of the 
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identification limit and concentration limit in volumes that are much larger 
or considerably smaller. Accordingly, it is not legitimate to calculate 
these figures for other volumes from data that have been experimentally 
obtained in some particular volume. An actual verification alone can give 
validity to such calculated values. It is never proper to state that a reac- 
tion has this or that identification limit, but only that a given procedure 
furnishes this or that identification limit of the reaction in question. 

The relation between the sensitivity of a test and the volume of the test 
solution and the procedure employed is plainly shown by the Prussian 
blue reaction, which is so often used to detect iron or ferrocyanide ions. 
The same reaction product, a blue precipitate, is ^btained by (1) adding 
several milliliters of potassium ferrocyanide solution to a ferric chloride 
solution, and filtering; by bringing together one drop of each of these solu- 
tions on (2) a spot plate or (3) on filter paper, or by (4) placing a drop of 
ferrocyanide solution on filter paper impregnated with ferric chloride. If 
the identification limit and concentration limit of this Prussian blue test 
are measured in each of these four procedures, the values are found to be 
quite discordant. The spot reaction on paper impregnated with ferric 
chloride gives the most favorable concentration limit for the detection of 
ferrocyanide, and accordingly will succeed at dilutions where the other 
procedures have failed. 

The reason why the limit of identification and the concentration limit 
of a test, based on a chemical reaction, depend on the volume of the test 
solution and on the procedure employed is not necessarily obvious and 
requires an explanation. A reaction that is used for analytical purposes 
becau.se it produces slightly soluble or colored soluble compounds is gov- 
erned by the solubility (ion) product. The relation [A+1 [B-] = K*.p, 
shows that the solubility of a compound decreases with the value of its 
solubility product (K,,p.). Analogously, a soluble colored compound will 
be formed with smaller quantities (lower concentrations) of the producing 
ions A+ or if the ion -product [A"^] [B"] is small. The visible production 
of a slightly soluble compound or of a soluble colored material can only 
result from a chemical reaction if the solubility (ion) product is exceeded. 
It might be expected therefore that the relation of the concentrations to 
the solubility (ion) product should also extend to the sensitivity, and conse- 
quently the sensitivity of a test should be greater the smaller the solubility 
(ion) product of the characteristic material whose formation constitutes the 
basis of the test. However, experience has shown that a low value of the 
solubility (ion) product is by no means the only factor involved. Not only 
are precipitation reactions known which prove that compounds with ap- 
proximately equal solubilities can be detected with different degrees of 
sensitivity, but cases can be cited in which compounds with higher aolubili- 
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ties are easier to detect than others whose solubility is less. For instance, 
lead can be detected more easily than cadmium by precipitation as the 
sulfide, even though the two sulfides have practically the same solubility. 
Manganous sulfide is more soluble than zinc sulfide, but the precipitation 
of the former can be detected more readily. Still more striking is the fact 
that it is easier to detect the formation of lead sulfide than of mercuric 
sulfide, despite the fact that the latter, with its extremely small solubility 
product, is by far the least soluble of all the sulfides. 

The identification limit of a colored material depends less on the small- 
ness of the particular ion product than on the rapid development and 
discern ibility of a coloj change. At equal ion products, blues or reds are 
more easily detected than yellows or browns. 

It must be remembered with respect to all precipitation reactions that 
if the precipitate is to be visible, much more material may have to be 
thrown down than is necessary merely to exceed a given solubility. There 
is an apparent contradiction in the fact that a more soluble compound 
produced by a chemical reaction may be easier to detect than a product 
whose solubility is lower, and that the ion product is not the sole determi- 
nant for the sensitivity of a reaction producing a soluble colored material. 
The reason for this anomaly is the existence of definite threshold values of 
particle size and color intensity, that must be reached before a material can 
be perceived by the human eye. These threshold values are not directly 
or solely dependent on the slight solubility of a compound, which can be 
stated numerically, but they depend on additional factors. In precipita- 
tion reactions the rate of formation of the precipitate plays an especially 
important role. The significance of this factor becomes clear if it is remem- 
bered that the formal stoichiometric equation representing a chemical 
reaction presents only the chemical '‘fate” of the ions or molecules of the 
solution. The complete picture must include the subsequent aggregation 
of the individual molecules into larger groups. These go through colloidal 
states of dispersion, and overcome supersaturation conditions, and prevail 
over the obstructive influences of the co -solutes on these transformations, 
which activities do not cease even after formation of the visible precipitate. 
Freshly precipitated materials often exhibit properties that are quite dif- 
ferent from those of aged or ignited materials having the same chemical 
composition. The explanation of this fact is that even sohds can undergo 
changes such as crystallization or other surface alterations. 

The development of a new phase, which is characteristic of a precipita- 
tion reaction, is more difficult to detect when colorless, and particularly 
amorphous, compounds are thrown down than when the precipitate is 
colored. Consequently, from the standpoint of the anal3d)ical chemist, 
the formation of colored reaction products is especially interesting and 
desirable. 



THEORETICAL FOUNDATIONS OF SPOT TEST ANALYSIS 


7 


An instructive demonstration of the significance of color in improving 
the visibility of a precipitate is furnished by magnesium h^’droxide. If the 
identification limit and concentration limit of the precipitation of Mg(OH)j 
b}' moans of an alkali are measured for any method of conducting 
this reaction, in a test tube or on a sjx)t plate, for instance, the sensitivity 
will be found to be quite low because small quantities of the colorless 
precipitate are difficult to see. However, if the paTipitation is made in 
the presence of free iodine or certain dyes, (see p. 104) the iodine or dye is 
adsorbed on tlie Mg(OH)o, and even minute quantities, normally not 
visible, become plainly evident. The efToet is so great that the identifica- 
tion limit and the concentration limit of the jjure and the adsorptive 
precipitation of magnesium hydroxide differ by powers of ton. This 
improvement of the test is solely duo to increased visibility of the MgfOH)* 
and not to the formation of a less soluble adsorption compound with a lower 
solubility product. This is prove<I by the fact that no magnesium cun be 
detected either by iodine or dye in the alkaline filtrate from a Mg(OH )2 
precipitation. 

Color reactions, that is the formation of colored precipitates or soluble 
colored materials, are used so extensively in spot testing that colorless 
reaction products actually are exceptions in the j)ractical apjilieation of this 
type of analysis. If the drop reactions are conducted by bringing together 
one drop each of the test solution and the reagent on a porcelain spot plate 
or on the surface of porous paper, the white background provides excellent 
contrast for the better perception of small amounts of colorefl materials. 
Spot reactions on filter paper are often localized and the products are mostly 
fi.\ed on the surface of the pai)er. This obviously is an additional advan- 
tage because the solvent then diffuses away through the capillaries of the 
paper, and there results a quasi-precipitation and filtration in the surface 
of the paper. The special advantage of using reagent papers in sjxit test 
analy.sis is excellently exemplified by the Prussian blue test on ferric chloride 
paper (see page 5). The adsorption and localized fixation of the reaction 
products in the surface of the paper invariably give more favorable values 
for the identification limit and concentration limit than arc obtained by 
the classical procedure of mixing the test solution and reagent in a test tube. 
Spot tests on paper are also superior to those nwle on non-porous sub- 
strates, such as spot plates. Certain components of a solution can often be 
fixed by precipitation on reagent paper, while the non-reacting constituents 
diffuse away with the water, accumulate around the spot in concentric 
rings, and can be detected there by means of suitable reagents. There is 
obviously little need of stressing the advantages of such a simple method of 
detecting two materials in one drop of a test solution. Capillary and 
surface reactions are frequently utilized in the conduct of spot tests to 
improve the discemibility of the results of color reactions. 
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Spot test analysis is constantly concerned with the effort to develop 
procedures by which it is possible to detect minimal quantitias of materials 
in one drop. Tliis is the goal of all modifications in the methods of exe- 
cuting reactions that are useful to the analyst. Consequently, spot testing 
Is a division of qualitative microanalysis, whose province is the identifica- 
tion or detection of materials in quantities that are minute, both absolutely 
or relatively in comparison to the quantity of solvent. 

It LS entirely proper to judge the utility of a chemical reaction for the 
microchemical detection of materials solely on the basis of its limit of 
identification, as the attainable concentration limit may be taken above 
all as a reliable criterion- No reaction, or rather no procedure for carrying 
out a reaction, may be considered suitable for microckemical tests if its identi- 
fication limit exceeds W y. This weight is beyond the limits of ordinary 
determination on an analytical macrobalance. If the identification limit 
is taken as the criterion of the microchemical utility of a test, this limit 
becomes of fundamental importance because, as has been pointed out, the 
identification limit does not refer to the particular volume of the test 
solution taken, nor to the volume in which the reaction is accomplished. 
In other words, a test may be microchemical without necessarily employing 
any of the special microtechnic that is required for the manipulation of small 
quantities of materials. In the majority of cases, classical qualitative 
microanalysis has employed the “crystalloscopic” method. In this 
procedure a crystalline precipitate is produced in a microdrop (0.001 ml.) 
of the test solution, and the precipitate is examined under the microscope 
to determine the crystal form. Since these forms are typical of certain 
compounds, the central point in the procedure is the production of well 
defined crystals that can be readily identified. This technic is no longer 
the sole method of conducting a qualitative microanalysis. The most 
important feature of the microchemical detection of materials is not the pro- 
cedure, which is secondary; the dominant factor is the ahiliiy to detect minimal 
quantities. Consequently, the method of precipitating characteristic 
crystals should be critically and unhesitatingly compared with those spot 
reactions which furnish identification limits of the same order of excellence 
and that can be carried out in macrodrops (0.03 ml.) without recourse to 
a microscope. There are indeed numerous instances in which spot reac- 
tions surpass crystal precipitations in regard to both the absolute and rela- 
tive, quantities that can be detected. An excellent illustration is furnished 
by two methods of detecting aluminum. The microchemical test, in which 
a crystalline precipitate of alum is prepared, has an identification limit of 
0.35 y AI. The spot test, in which violet aluminum alizarinate is formed 
by treating a drop of the test solution with a drop of ammoniacal alizarin 
solution, has an identification limit of 0.15 y Al. Consequently, the spot 
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reaction excels the older procedure not only T\'ith respect to quantity 
sensitivity (identification limit), but the superiority als<> extends to the 
concentration sensitivity (concentration limit). If the res|)ective volumes 
of the test solution, namely 0.001 ml. and 0.05 ml., are used in calculating 
the con-esponding concentration limits by means of equation (1) on page 
2, the values will be found to be 1 :2900 (alum) and 1 :330,0(K1 (alizarinatc). 

It is not always necessary to use macrotlrop.s of 0.05 ml. for spot tests; 
frequently microdropvS serve ecpjally well. In such cases, even thougli the 
concentration limits are not changed much, the identification limihs will be 
still lower. The available quantity of the specimen will determine whether 
micro or macrodrops should be taken for tlie test^and also the number of 
times the test should be repeated. At least one repetit ion is advisable in 
Qvery instance. 

It is easy to decide when tests that are quantity sensitive sliould be used 
for microanal>'1ical purposes or when those that are concentration sensitive 
should be employed. The former, jirecipitation of cry.^itals, for instance, 
are advantageous if only a small quantity of sample is available, and if 
there arc urgent reason.s to employ micromanipulations. Typical ca.scs 
are the detection of possible inclusions and in homogeneities in technical 
l)rodiicts, minerals, and so forth. Tests that are concentration sensitive 
are particularly necessary, and sometimes arc indispensable', if tlie analyti- 
cal problem is to detect traces of certain materials at high dilutions or in 
as.sociation with large amounts of other materials. These conditions are 
often encountered in the important tasks of determining the purity of 
materials and of testing biological .specimens. Kmicli has aptly designated 
this branch of anahdical practice "tlic search for traces” or “trace detec- 
tion.” In general, the main emphasis will be on concentration sensitive 
tf'sts. They alone make it po.ssible to apply successfully spot reactions or 
even test tube reactions at the high dilutions prevailing when minimal 
quantities of the sjiecimen are put into solution. 

It has been stated (page 8) that the maximum value of the identification 
limit of an acceptable micro chemical test is 10 y. From the standpoint of 
the microchemist, the detection of this relatively large weight of material 
can be considered satisfactory only if this quantity is contained in a rather 
large volume and not, for instance, in a macro or microdrop. The formula 
given on page 2 shows that the detection of 10 y in 0.05 ml. corresponds 
to a concentration limit of 1:5000, whereas the corresponding figure for 
10 y in 10 ml. is 1 : 100,000. As a rule, the identification limits of micro- 
chemical tests employing crystalline precipitates or spot reactions are 
fractions of a microgram (y); in isolated instances quantities as low as 
thou.sandths of a microgram (mi Hi -microgram - my) can be detected. 
Tests for certain organic corajxiunds by spot reactions are an exception to 
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these standards. Reactions whose identification limits are as great as 
several micrograpis may be used in these cases, either because more sensi- 
tive tests are not known, or because, as is sometimes the case, complicated 
reactions which do not go to completion must precede the application of 
the actual spot test. 

The identification limits of spot tests uniformly represent minute quan- 
tities if expressed in terms of weight. If, however, these weights are trans- 
lated into the number of molecules that can be detected by sensitive spot 
roa(!tionK, the figures are enormous, because the actual weight of the 
individual molecules and the sj)ace they occupy are so exceedingly small. 
It is easy to convei't identification limits into terms of the corresponding 
numbers of molecules, by using the Avogadro relationship, namely that one 
gram molecule of any material, no matter what its state of aggregation, 
contains 6.0G X 10®® individual molecules. If, for instance, 0.005 y of 
ammonia is detected by a very sensitive spot reaction, the corresponding 
number of molecules can be calculated: 

17 g. NHj contains 6.06 X 10® molecules 


I g- 


<1 


1 7 


0.005 7 


6.06 X 10® 
~ 17 


6.06 X 10® 
17 X 10« 


6.06 X 10® X 5 
17 X 10« X 10» 


30.3 X m 
17 


1.7 X 10*^ molecules of NHj. 


The foregoing coiivemion shows that the chemical detection of 0.005 y of 
ammonia in one drop is possible only if the enormous number of 170 millioa 
million molecules of ammonia are present. Such startingly large figures are 
alwa^js obtained even, when the most sensitive chemical tests are reduced to 
numbers of molecules. This finding is due to the fact, stated on page 6, 
that the perception of colors and solid particles, as well as odors and tastes, 
by the human sense organs, is limited by threshold values. When observ- 
ing ])recij)ifation reactions it must be remembered that the precipitate as 
seen does not consist of individual molecules as expressed by the usual 
stoichiometric equations. The primary formation of the individual 
molecules of the reaction product is followed by the aggregation and 
orientation of billions of individual molecules into amorphous solids or 
crystalline precipitates. Individual molecules exist only in the gaseous 
state or in solutions. But even in solutions a tremendous number of col- 
ored molecules or colored ions are necessary before the eye can perceive a 
color or a color change. 

Consequently, the detection of materials through the optical perception 
of chemical reaction products presents a lower limit beyond w'hich the hu- 
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man sight does not function. If the identification limits of chemical tests 
were lower by several powers of ten, or if the eye could observe much 
smaller quantities of material, probably it would be founJ that inorganic 
compounds are really pure only in very rare cases, and that many con- 
taminants are always present. The term “chemically pure” is, therefore, 
only relative and refers to a certain degree of purity. Accordingly, state- 
ments of purity should be limited to the declaration that certain con- 
taminants could not be detected below' a given percentage by the particular 
analytical procedure employed. 

The sensitivities (identification limit and concentration limit) of micro- 
chemical tests utilizing crystalline precipitations and spot reactions are 
adequate for many practical problems presented to^.he qualiUtive analyst. 
Activity can be expected only above a certain quantity of material or a 
definite dilution range in both inanimate and animate systems, because the 
effect always proceeds from molecular or ionic species. The detection of 
extremely small quantities is required particularly often in biological 
problems; in other ca.scs only if the supply of the vspccimen is exceedingly 
small. 

It is always important to keep in mind the limits of the applicability of 
spot test analysis. With normal chemical reactions this technic can be used 
to identify the color and aggregation form of reaction products only mtkin the 
range of physiological perception. Consequently, highly visible reaction 
products are of prime importance in spot testing, and all research in the 
field of spot test analysis is directed toward the discovery of sensitive reac- 
tions and the development of means to make the reaction products as 
visible as possible. Colored compounds are much easier to see than color- 
less materials, particularly at high dilutions or when finely dispersed. 
Accordingly, the choice and study of chemical reactions with a view to 
possible use in spot testing lays especial emphasis on the production of 
colored compounds. Organic reagents that can react with inorganic 
compounds to produce colored products thus become particularly im- 
portant. The search for new organic reagents is justifieil sufficiently by 
reason of their reaction sen.sitivity, but there are additional reasons for 
favoring this class of reagents. 

The analytical value of a chemical reaction is not determined solely by 
its sensitivity. A factor of equal importance is the certainty of the test, 
that is, the ability to provide a direct and sure identification in the presence 
of considerable quantities of other materials, without the necessity of 
intermediate separations that freciuently involve unavoidable losses. The 
analyst is seldom confronted with an Isolated material; usually several 
others are present, and the problem Is to obtain definite tests in mixtures 
or in a solution containing several solutes. It would be ideal if a suitable 
test, which would succeed even in the presence of other materials, existed 
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for every element or for every characteristic inoi^nic radical or organic 
group. Such t^ts would be termed specific and the appropriate reagent a 
specific reagent Tests that are not characteristic for a single material, but 
that can be applied under the same conditions for several materials, are 
known as selective, and the corresponding reagents are selective reagents. 
These exercise a certain selection from among the large number of materials 
being tested. 

A test (reagent), therefore, is specific, or more or less selective, depending on 
whether only one material or a greater or smaller number of materials can he 
characterized by Us aid. At present only a few specific reactions and specific 
reagents are available, but a considerable number of selective testa and 
selective reagents are Icnown. The dearth of completely unmistakable 
test reactions, and the many possibilities for variation in the composition 
of natural and artificial products, are the reasons why qualitative organic 
and inorganic analyses still require many separations into groups, whose 
individual members can be detected by characteristic reactions only after 
such group separations have been made. Nevertheless, impressive 
progress in the methodology of analysis has been made in the past twenty 
years through the use of specific and special reactions. This is particularly 
true for the solution of uncommon analytical problems, which is incom- 
parably easier now because of the availability of more sensitive and more 
specific reagents, particularly organic ones. Indeed, in many cases, it has 
been possible to solve such special problems only because new reagents have 
become available. 

ITie reaction medium also is always involved in the specific or selective 
action of a reagent and, consequently, attention must bo paid to this 
factor. The maintenance of the proper acidity or alkalinity (adjustment 
to a definite pH), the conversion of the element to be detected to a certain 
valence (state of oxidation), and the observance of definite temperature 
ranges and so forth are important. In inorganic analysis it is sometimes 
possible to avoid the interference due to the presence of ions that react 
analogously to the material being sought by converting them into complex 
ions, whose reactions are of a different nature. This conversion into com- 
plex ions, which occasionally raises the selectivity of a reagent to specificity, 
is called masking. It can be accomplished by adding masking agents, which 
are soluble inorganic or organic compounds forming complexes. 

Masking reactions, therefore, are chemical changes which occur in aque- 
ous solution and lead to soluble complex compounds. Like all chemical 
changes, they conform to the law of mass action and chemical equilibrium. 
Consequently, an ion that forms a complex ion with a masking agent never 
disappears completely. The measure of the masking is determined by the 
position of the equilibrium of the masking reaction or, what amounts to the 
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same thing, by the stability of the complex compound formed. If a com- 
plex compound is given the general formula AM, in whiph .4 and M are 
ions, or A is an ion and M a neutral molecule, then 

AM v±A-\- M, 

This equilibrium shows that the original ion A can be libenited anti made 
accessible to its normal reactions by removing the masking agent M from 
a masked system, which itself is an equilibrium system between the ma- 
terials participating in the masking. This process is known as dcniasking. 
A hindered reaction can be reinstated by demasking tlie system and this 
release can be utilized to detect a masking or a demasking agent. Both 
of these procedures are of importance in spot test analysis. 

Masking and demasking, accordingly, are analytical utilizations of the 
formation or the decomposition of soluble complex compounds. In this 
connection it should also be noted that the result of incorporating an ion 
or a molecule in a complex compound is not inevitably the more or less 
extensive masking of the normal reactivity. The opposite can also occur, 
namely, the enhancement of reactivity by complex binding. For instance, 
the MoOr ~ ion is a weak oxidizing agent, but when incorporated in the 
complex phosphomolybdic acid its oxidizing i)ower is greater. This ob- 
servation can be used for the detection of phosphate and silica. The 
masking and demasking of reactions and the augmentation of reactivity by 
complex binding indicate the importance of the chemistry of complex 
compounds in solving analytical problems and, especially, in furthering the 
aims of spot test analysis. 

The reaction medium is of importance in determing not only the speci- 
ficity or selectivity of tests (reagents) but also the attainable sensitivity. 
It must be noted that materials which apparently are completely indif- 
ferent, because they do not react with the reagents employed, nevertheless 
can frequently decrease (and to varying degrees) the sensitivity of a test. 
The influence of “indifferent accompanying materials” depends on their 
nature and especially on their quantity. They make themselves particu- 
larly evident in the range of the limiting dilution. It is often found that 
the values of the identification limit and concentration limit of a test per- 
formed in pure solutions of a material do not agree with those obtained in 
solutions w'hich also contain other solutes. Thus, strictly speaking, an 
absolute certainty of tests is seldom achieved, but rather only a certainty within 
particular limits of concentrations of accompanying materials. It is expedi- 
ent to determine the sensitivity of specific and selective tests not only in 
pure solutions, but also to establish the values of the identification and 
concentration limits when the test is performed in the presence of known 
quantities of indifferent accompanying materials, whose quantities should 
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be as great as possible. Schoorl has proposed the term “limiting propor- 
tion’^ for the ratio of the quantity of material that can just be determined 
to that of the accompanying substances. Obviously, all limiting propor- 
tions cannot be determined because of the tremendous number of possible 
variations. In general, only the limiting ratios for those mixtures which 
are of particular practical interest are stated, such as cobalt in the presence 
of nickel, iron in the pi-escncc of aluminum, and so forth. 

It is not possible at present to give a definite, uniform explanation for 
the lowering of the sensitivity of tests by indifferent materials, since various 
factors may be involved. In precipitation reactions the effect is probably 
due to supersaturation and colloidal phenomena which lead to a retardation 
in the aggregat ion of p£lr tides. Changes in the properties of the solvent 
are probably the principal factor in the case of color reactions. The 
specificity and selectivity are impaired by unfavorable limiting ratios, 
csjiccially in dilute solutions of the materials being detected. This is a 
further reason for using reactions of the highest possible sensitivity as spot 
Uvsts, They still permit the attainment of identification limits meeting 
the requirements of microanalysis, despite unavoidable lowering of the 
sensitivity because of accompanying materials which are occasionally 
encountered. 

It has been found that sensitive reactions that are also specific or selective 
can be secured far oftener mtk organic than witk inorganic reagents. Furtker^ 
more-t definite groups in the organic compounds have been discovered possessing 
specific or selective action. 

This fact is of great significance because t\ie discovery of new organic 
reagents is no longer the result of hit or miss trials. The great reservoir of 
organic compounds can be subjected to a critical survey, and possibly 
definite rules and uniform modes of behavior can be discovered. A certain 
degree of oi-ientatioii is ]}rovided by the fact that organic reagents are not 
uniform with regard to their modes of behavior and the composition of 
their reaction products. Six different t3"pes can be distinguished: 

(1) Reagents producing normal salts with inorganic cations or anions 

because of their acid or basic character; 

(2) Reagents of acid character (‘apahlc of producing inner complex salts 

because of the presence and spatial proximity of atoms capable of 
coordination through the development of auxiliary valences; 

(3) Reagents containing atoms or groups of atoms that can be coordi- 

nated, and consequently whose entire molecule can combine with 
inorganic compounds to form molecular (addition) compounds; 

(4) Reagents forming adsorption complexes with inorganic compounds; 

(5) Reagents undergoing characteristic color changes on oxidation or 

reduction; and 
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(6) Reagents reacting in a characteristic manner after incorporation of 
inorganic groups. 

The activity of certain groups in organic reagents is not reflected solely 
in the composition and the properties of the resj>ective reaction products 
with inorganic compounds. Some groups also exert a determining influ- 
ence on the solubility of organic reagents in water or in organic solvents. 
This is of importance because tests, for the most part, are made in aqueous 
solution and, therefore, it is always desirable to have the rejigents soluble 
in water. With a knowledge of the activity of certain groups it is then 
possible to introduce these into organic compounds and so arrive at im- 
proved or new organic reagents by sjuithctic measures. 

The study of the relation of groups in organic* compounds to specific 
and selective action has become a special field of research in analytical 
chemistry. This cannot be discussed here in detail. However, it can be 
(xiinted out that the rules and concepts of tlie chemistry of complexes play 
as important a r61e in the search for new reagents as they did in the intelli- 
gent application of ma.sking and demasking reactions, so that it is entircly 
proper to speak of applied complex chemistry. The results of this type of 
research are of great significance for the whole field of analytical chemistry, 
and the discovery of new organic reagents of greater sensitivity and selec- 
tivity has contributed decisively to the development of sjwt test analysis. 

The selective or specific action of groups in organic compounds toward 
inorganic ion.s or molecules makes it possible not only to detect certain 
inorganic compounds but, vice versa, inorganic reagents may be utilized to 
identify certain groups in organic compounds. This utilization of the 
relation between groups of atoms and characteristic reactivity was the 
starting point for the application of spot reactions in qualitaUve organic 
analysis. It has since been found that many operations of a preparative 
nature can be carried out on a microscale with organic compounds. These 
include building up and degradation reactions, oxidations, reductions, and 
so forth, which lead to the development of groups exhibiting characteristic 
reactions, and which therefore lend themselves to typical spot tests. The 
identification limits that can be attained in qualitative organic analysis by 
means of spot reactions frequently are adequate for microanalysis. How- 
ever, the detection of organic compounds Ls often less reliable than the 
identification of inorganic materials. The reason is that the possibility of 
forming compounds with organic groups, and their reactivity, Is often 
extensively influenced by the presence of other groups. It is also necessary 
to note that materials of different constitution may react in different ways 
with the same reagent. Consequently, organic tests demand particularly 
a knowledge and consideration of the mechanism underlying the reaction 
at hand. Frequently the occurrence of certain reactions, especially in 
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mixtures, can be considered as no more than an orientation, unless other 
tests have giveij povsitive results and thus confirm the finding. 

Tin* liighest possible sensitivity and the most extensive certainty are the 
fact^n-s of prime importance in spot reactions, rather than the use of old 
familiar reagents and the biased adherence to a definite technic. The 
recognition of this situation has resulted in the use in spot test analysis of 
reactions or effects that have long received little or no attention in classical 
qualitative analysis. The significance of the chemistry of complex com- 
pounds has }}een indicated in the foregoing discussion of masking and 
dema.sking reactions and of organic reagents. Complex reactions of the 
greatest variety had been used in classical analytical chemistry and spot 
test analysis was thus able to use, to some extent, these previous oKserva- 
tions and also to take advantage of any new discoveries. However, many 
experiments designed to test and api>iy new complex reactions originated 
in work on spot test analysis, An entirely new departure, however, is the 
analytical utilization of catalyzed and induced reactionSf which for a long time 
were not consciously applied in analytical procedures. The great micro- 
chemical significance of these types of reactions was established for the first 
time by studies dealing with spot tests. 

(’ntalysts arc materials that raise or lower the rate of chemical reactions. 
This effei^t is often luicomplished by minimal quantities and apparently 
without direct participation in the reaction. Such activity of minute 
quantities of material is highly desirable for microanalytical purposes. 
It is known also that tbe catalytic influences of materials are limited to 
quite definite reaction s^^s terns, in other words, the action is specific. 
Consequently f if a catalyst can he identified by means of a catalyzed reac- 
tion, the requirements as to sensitivity and certainty will have been met. 
It has been found that a whole series of materials can be detected more 
sensitively and surely by catalytic effects than by other reactions. In 
practice, when catalyzed reactions are used, either the accelerated forma- 
tion of a reaction product or the accelerated disappearance of a reactant is 
notetl. N'o example is known, as 3^et, of the analytical use of a negative 
catalyst, or of the poisoning of a ^wsitive catalyst. Most of the effects 
that have been used heretofore are catalyses in homogeneous systems, and 
deal w'ith reactions of dissolved materials. In some cases, the formation 
of characteristic reaction products, or the disappearance of reactants can 
be observed directly. In other instances, this must be evidenced by sub- 
sequent reactions, w hich can be accompIi.shcd either during or foUo\ving the 
completion of the catalyzed reaction. Sometimes it is best to compare the 
course of a reaction with and without the catalyst. 

Induced reaction.s are related to those catalyzed reactions in w^hich the 
catalyst takes an active part through the formation of labile and more 
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active compounds. In induced reactions, a change which by itself pro- 
ceeds very slowly is speeded up if a rapid reaction occui;g along with it. 
The reaction which proceeds of itself is the primary, or inducing reaction, 
the other is the secondary, or induced reaction. As a rule, the priiimry and 
secondary reactions have one participant in common, the actor. The 
diversity in the mechanism of a catalyzed and of an induced reaction lies 
in the different way in which the actor and the catalyst function. The 
actor is practically all consumed in the primary reaction; the catalyst forms 
an active intermediate compound and is regen erateil by a secondary reac- 
tion. Frequently, there is no external difference l^etween caUilyzeii and 
induced reactions, particularly if small quantities of an actor, in other 
words, an insignificant inducing reaction, suffices to bring about a large 
induced action. 

The attainment of the highest possible sensitivity and certainty of tests 
leads the advocates of spot test analysis to be interested in the utilization 
not only of all of the possibilities offered by chemical reactions but also 
in the direct or supplementary employment of physical effects. These in- 
clude, first of all, surface and capillary processes which occur when spot 
reactions are made on paper. The use of filter paper as the substrate for 
spot reactions not only improves the visibility of colored reaction products 
through the contrast with the white surroundings, but in addition local 
accumulations of material may occur as the result of adsorption and diffu- 
sion. Sometimes this accumulation accomplishes a capillary separation of 
the components of the solution, whose presence in different zones can then 
be established directly or by subsequently applying suitable reagents. 
The use of reagent papers impregnated with insoluble or slightly soluble 
reagents is particularly important with reference to the local accumulation 
of materials. Such papers act like soluble reagents because of the fine state 
of division of the solid reagent in the capillaries of the pa^xjr, but have the 
Advantage that the reaction products remain at their place of formation 
and thus can be seen directly, or can be detected by after-treatment with 
.suitable reagents. Certain chemical changes can be detected much better 
if carried out on paper than on non-porous substrates or in test tubes. 
There are, indeed, certain topochemical effects that can only be made evi- 
dent if the reactions occur on filter paper. Consequently, these tests can 
be used for analytical purposes only under these conditions (see Chapter 
III, p. 63). 

In modem chemical analysis, filter paper for separating solid and liquid 
phases is often replaced by other porous filtering media, such as sintered 
glass or Gooch cmcibles; sometimes the solid is collected and isolated by 
centrifuging. However, filter paper is such an absolute necessity for 
certain types of spot tests that it is no longer a mere aid but rather can 
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be regarded as an active participant in the reaction. The paper, of course, 
does not appear in the equation representing the reaction, but its indis- 
ponsability appears in the form of a typical reaction (spot) pictures. 

Capillary and surface processes can be utilized for purposes of spot 
testing in other ways than on or in paper. The mrface tension at the inter- 
face of two immiscible liquids can also cause a local accumulation of slightly 
soluble reaction products. Consequently, extraction with ether makes it 
po.ssihle to recognize clearly very small quantities of precipitate, which 
otherwise are scarcely visible. The solid forms a film at the boundary of 
the water-ether layer. This is a kind of micro-flotation, whose practical 
application is particu^dy possible after precipitations from acid solutions. 
The flotation is not limited to ether; other organic solvents, such as carbon 
disulfide and carbon tetrachloride, behave similarly. 

The surface effects useful for spot test analysis also include the adsorption 
of dissolved materials on the free surface of solid adsorbents suspended in 
water. Traces of dissolved materials can sometimes be fixed by shaking 
with suiUblo adsorbents, and subsequently detected on the adsorbent by 
spot reactions, after removing the solvent. This accumulation of material 
can be applied successfully in trace detection] the adsorbent then serves as 
the trace catcher. Only a few milligrams of this catcher are necessary en- 
tirely to remove small quantities of a material from a large volume (10 to 
500 ml.). For example, traces of silver can be adsorbed from aqueous 
solution by silica gel, and traces of copper by talc or calcium fluoride, and 
then detected on the adsorbent by sensitive spot reactions. If this method 
of accumulating a material is to be of analytical value, a selective and 
extensive adsorption must occur, in which the chemical nature of the 
adsorbent is also a factor. 

Tlio removal of a material dissolved or suspended in ^vater by extraction 
with ether or another immiscible organic solvent can also be looked upon 
as a physical effect, since it is a phenomenon concerned wdth the accumula- 
tion of material. In this extraction, how'ever, the formation of solvates 
(complexes between molecules of solute and solvent) plays a great part, so 
that the process, in principle, is likewise a chemical process. Extraction is 
of particular value in spot test analysis when there is the possibility of 
concentrating in a small volume of the extractant the material that orig- 
inally was distributed throughout a much larger volume. A significant 
improvement is often obtained thus; for instance, if the colored material 
can be concentrated by extraction. If an extraction is quantitative, it 
can be used to isolate particular materials, which can then be detected by 
special reactions after the extractant has been evaporated. 

Magnification by a lens or microscope plaj-s a minor role among the ap- 
plications of physical effects and devices used in spot test analysis. This is 
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in contrast to that branch of qualitative microanalysis, in which the 
precipitation of crystalline materials is employed extensively because the 
definite identification of crj^stal forms can only be accomplished witli the 
aid of the microscope. Magnification seldom oilers any im})ortant advan- 
tage in observing the color reactions which constitute so groat a proportion 
of the tests used in spot reactions. The use of a magnifying glass is recom- 
mended only when observing the local formation of coloix'd reaction prod- 
ucts when seeking inhomogeneities or inclusions. Tliis can be done by 
placing a drop of reagent solution on powders or on sections of solid speci- 
mens. The treatment of thin sections with suitable reagents and observa- 
tion of the reaction picture under the microscope is ^ften of great advantage 
in mineralogical and metallographic studies. However, tins branch of 
testing material lies outside the field of normal spot test analysis. It is 
worthy of note, however, that many sensitive reagents tliat arc now 
successfully used for such purposes were originally employed in spot 
testing. 

The use of the quartz lamp in spot test analysis is of considerable impor- 
tance. In fluorescence analysis, specimens of various kinds arc irradiated 
with ultraviolet light. It is found that certain matm ials fluoresce or change 
their color in a characteristic way. In general, very minute quantities of 
fluorescent materials are sufficient to show this effect. Among purely in- 
organic compounds, only a few exhibit a characteristic fluorescence. These 
include many uranium salts, cadmium sulfide, mercurous chloride, and 
salts of rare earths. It seems that metal and metalloid compounds ex- 
hibiting characteristic fluorescence are to be sought chiefly among normal 
and complex salts that have organic components. On the other hand, 
fluorescence in ultraviolet light is rather common among purely organic 
compounds. This phenomenon can be of the highe.st value in deciding 
questions regarding the origin of specimens, the presence of impurities, and 
so forth. When testing organic preparations it is best to dissolve them and 
place drops of the solution on paper, ^\^len these dry, the constituents 
frequently separate into zones becaase of adsorption and capillary action, 
and then fluoresce characteristically when placed under the quartz lamp 
(drop capillary picture). Until recently the fluorescence analysis of in- 
organic and organic compounds has consisted almost exclusively of testing 
the fluorescence of finished products after the addition of necessary acid.s, 
bases, or salts. Spot test analysis has lately opened a promising new field 
based on the synthesis of fluorescent compounds. Certain fluorescent com- 
pounds can be prepared by quite definite reactions, and in these, a.s a rule, 
the fluorescence is due to the formation of certain groups or special bond- 
ings. Consequently, if an unknown material is subjected to a reaction of 
this kind and a characteristic fluorescence results, the presence of a particu- 
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lar starting material is definitely indicated. On the other hand, if the 
change does noj; result in a fluorescence, the conclusion is that certain 
original materials were absent. 

In fluorescence analysis and its application to spot tests not only the 
appearance or the characteristic change in fluorescence is to be noted, 
but also the disappearance (extinction) of fluorescence by chemical action. 
If this extinction is a typical effect of particular substances, then there 
arises the possibility of an analytical application. 

The use of the quartz lamp in spot tests is not confined to the demonstra- 
tion of fluorescence. The occurrence of photochemical processes likewise 
can often be quickly and easily established by means of drop reactions on 
paper. SomeUmes these can be used as sensitive tests. Photochemical 
reactions arc chemical changes or decompositions that are accelerated or 
initiated by light of short wave lengths. 

Adequate quantities of a particular species of molecule or ion must be 
involved in reactions that are of real value to the analyst. It is not abso- 
lutely necessary to prepare a test solution to carry out drop reactions. 
Reliable results can often be achieved by merely putting a drop of the 
reagent on the solid specimen, or by ])ressing reagent paper on the specimen. 
In the latter case negative prints are frequently obtained. A clever exten- 
sion of the use of reiigent paper for the development of these negative 
prints is the electrographic or electro-spot procedure. This consists in 
making the solid test specimen (metal, alloy, mineral, etc.) the anode and 
a sheet of aluminum the cathode in an electric circuit. The electrodes are 
connected through a strip of filter moistened with the suitable reagent. 
On closing the circuit, mebils from the alloy or compound dissolve at the 
anode. The metal ions travel to wan! the cathode but react on the way 
with the precipitation or color reagent in the pores of the paper. Typical 
colored spots are left on the paper and these may be used to identify par- 
ticular substances that have dissolved at the anode. The use of an electric 
current for the production of ions is advantageous as the test can bo carried 
out rapidly without visible damage to the specimen. 

A general presentation of the theoretical foundations of spot test analysis, 
because it is a division of analytical chemistry, should necessarily take ac- 
count of the ionic theory, the theory of dissociation, mass action effect, and 
so forth. The present discussion has, however, been limited to theoretical 
considerations concerning the chemical and physical processes having direct 
bearing on the significant *'anal3d;ical effectiveness” of the chemical changes 
utilized in s])ot testing. Analytical effectiveiicss may he defined as the char- 
acterization of chemical reactions hy their sensitivity {identification limit and 
concentration limit), by their specificity or selectivity, and hy their attainable 
limiting propoTiions. 
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All measures for improving the analytical effectiveness of chemical 
reactions are of importance to spot test analysis in so far* as thev can be 
adapted to the special technic employed in this type of testing. Originally 
these tests were carried out by bringing together drops of the test and re- 
agent solutions on filter paper or on non-porous surfaces. As a consequence 
of inclusion of all possible types of chemical reactions and of using physical 
means for improving the visibility of reaction products, it has become 
necessary at times to modify the earlier simple methods. In qualitative 
organic analysis particularly, the actual spot test is frequently made only 
as a sequel to preliminary preparative operations. However, all .spot reac- 
tions have the common factor that one drop of tlie Jx?st solution is used, or 
that minute quantities of solid specimens are treated with one drop of 
reagent solution. 

The first and most evident objective of spot test analysis is the micro- 
chemical detection or identification of small quantities of organic or in- 
organic materials by means of a simple procedure. This goes far toward 
meeting the objective of accomplishing analytical ])urposos with the most 
practical economy of material, time, and effort. Consequently, the range 
of application of spot testing is very diverse and extensive. Every analyti- 
cal laboratory frequently can replace the laborious operations of the usual 
methods of qualitative analysis by simple spot reactions. This may be 
done not only without jeopardizing the certainty of the findings, but often 
the reliability of the results can in fact be greatly improved liy this substitu- 
tion. Speedy spot reactions can be applied with success to numerous spe- 
cial problems. Typical cases are: Tests of identity in the course of 
systematic qualitative analysis; preliminary tests preceding qualitative 
analyses; testing of insoluble residues; identification of minerals and ores; 
examination of technical materials, such as testing their purity. Spot test 
analysis also serves well in the biological sciences for the solution of medico- 
chemical and physiological problems requiring chemical treatment. This 
also holds for the field of synthetic organic chemistry, where a check on 
building up and degradation reactions can be exercised by determining the 
presence, the disappearance, or the formation of certain characteristic 
groups. In conclusion, it may be noted that a .series of didactic demonstra- 
tion experiments designed to illustrate important chemical phenomena, 
processes, and properties can be presented in the form of spot reactions. 

It has been found that the application of .spot reaction.s Is not confined 
to qualitative chemical analyses. Recently, color reactions that can 
be conducted in the form of spot reactions have been successfully employed 
for colorimetric determinations by comparing the color produced in one 
drop of the test solution with the intensity of the color developed in drops 
of different concentrations of a standard solution. This “spot colorimetry” 
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is a new and very simple form of quantitative microanalysis. The results 
are, of course, »ot as accurate as those attainable by the classical methods, 
but the accuracy is adequate for a preliminary orientation and for many 
technical tests, such as process control. 

Spot test analysis would not have attained its present generally accepted 
importance in such a comparatively short time if its methods did not also 
have a theoretical basis. This foundation permits a scientific explanation 
of each operation and thus leads to purposeful improvements and exten- 
sions. The theoretical foundations have been indicated in the foregoing 
discussion, and an intelligent application of spot reactions demands an 
understanding of the fhemistry involved, which sometimes is quite com- 
plicated. Consequently, a knowledge of the chemistry of surface reactions, 
that is, of capillary and colloidal chemical facts, is required, at least to some 
extent. Furthermore, complex-chemical reactions of all types play a very 
important part in spot testing, so that it is essential to understand the 
fundamental facts of the chemistry of complex-compounds. The manifold 
application of organic reagents requires a knowledge of organic chemistry, 
especially for the understanding of spot tests for organic compounds. 
Finally, physical chemistry cannot be neglected because the chemical 
changes involved in spot reactions conform to its laws. If the numerous 
possibilities of applying spot reactions to scientific and technical problems 
are kept in mind, it is evident that spot test analysis bears a close relation 
to many branches of chemistry and participates in their advancement, both 
with respect to its theoretical background and also its practical operation 
and application. 

Spot test analysis thus impressively demonstrates the close union of all 
the separate branches of chemistry. This is of great didactic value. 
Although its external and most impressive effect is microanalytical in 
nature, spot test analysis, if properly understood, is not merely technic. 
Its entire essence is chemistry in all its branches and to this fact it owes its 
development as a line of research and a field of work. 



Chapter II 

THE TECHNIC OF SPOT TEST ANALYSIS 
A. Laboratory 

A special room should be assigned for spot test analysis in largo research 
laboratories or for university courses in this branch of analysis. These 
quarters can well be a part of the microchemical division. A laboratory 
devoted to this type of work permits the convenient arrangement and in- 
stallation of all apparatus, reagents, and other ^ids, as well as an undis- 
turbed, clean working space. If no separate room is available, at least a 
certain part of the analytical laboratory should be reserved solely for 
working \vith spot test reactions. Good lighting of the work bench is 
particularly essential (daylight and daylight bulbs). 

It is quite important to review the procedures before starting the exami- 
nation of the samples, so that the necessary materials and apparatus will be 
at hand. Consequently, all equipment needed for frequently repeated 
operations should be installed permanently and all other appurtenances 
that are occasionally required should be set up nearby. Permanent instal- 
lations include the centrifuge, Kipp gas generators, the analytical quartz 
lamp, devices for evaporation and ignition, and so forth. Glassware, 
porcelain vessels, reagents, and the like should be kept in separate places, 
arranged properly, and be easily accessible so that the work can be carried 
on most efficiently. 

It is particularly important that the laboratory devoted to spot test 
analysis be kept scrupulously clean. There should be no dust and no acid 
and ammonia fog. Under such conditions, analytical balances and optical 
instruments can be set up in this room without hesitation. The ventilation 
and hoods must function efficiently. The water outlets and drains and the 
gas and electric installations must be adequate; a sufficient number of well- 
placed waste receptacles should be provided. The larger pieces of glass- 
ware and apparatus must be cleaned apart from the apparatus used in the 
actual spot tests. A separate bench should be assigned for filling the 
reagent bottles. A generous supply of well boiled cleaning cloths should 
always be available; they should not be used too long. 

Although, as far as possible, only microchemical and semi -microchemical 
work should be done in the spot test laboratory, macrochemical operations 
cannot be avoided entirely. For instance, auxiliary reagents, as a rule, will 
be prepared in this laboratoi^S and the standard solutions will also be 
checked there. Considerable quantities of the specimen are sometimes 
necessary when testing for impurities or by-products. These larger quan- 
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tities are subjected to separation, concentration, ignition, and so forth, on 
a macroscale, to* produce^ preparations or solutions, which can then be 
studied microchemically with the aid of spot reactions. Consequently, the 
design, arrangement, and equipment of a spot test laboratory must include 
facilities for qualitative and quantitative inorganic macroanalyses, for 
preparing materials that can be produced without too many complications, 
and for the separation of organic mixtures (extraction, distillation, etc.). 
A spot test laboratory designed for research and student purposes should 
also contain all the materials required for studies made by the classical 
methods of qualitative microanalysis. This is especially true because the 
choice of methods for a qualitative microanalysis should be determined, not 
by a dogged adherence to a particular technic, but by the desire to attain a 
certain microchemical goal as easily as possible. 

The laboratory devoted primarily to spot test analysis must be pro- 
vided with an abundant supply of chemicals. The ordinary reagents and 
the special materials necessary for the spot tests must be at hand. It is 
well to have a great variety of metal salts of the highest purity available. 
Oxide.s and carbonates, from which, if necessary, other salts can be pre- 
pared, are particularly desirable. The chemicals should be kept in small 
rather than large containers, to obviate contamination and decomposition. 
The same applies to the storage of spot- and fine reagents. Bottles of all 
sizes, vials, weighing bottles, and sample tubes must always be available 
for the storing of specimens and for the occasional preparation of auxiliary 
solutions and reagents. This glassware must be spotless and stored in 
closed cupboards. Gummed paper labels are a necessity. 

It is well to assemble a collection of standard samples of chemicals, rocks, 
minerals, technical products, and typical organic compounds, which can 
be identified with certainty by spot test reactions. Permanent mounts of 
completed reactions should be included in this collection. All these items 
should be classified and indexed in a good card catalog. A collection of 
this kind often gives excellent service, particularly in difficult cases when 
a decision is reached by carrj^ing out parallel tests. The preservation of 
standard preparations is also of great advantage for teaching purposes. 

The spot test laboratory should also have a small working library. This 
should include the special literature of the field and reference books contain- 
ing the necessary chemical and physical data. It will be found convenient 
to keep the books, catalogs, and so forth, on a book shelf over a writing 
desk near a blackboard. 

The special laboratory whose plan is given on p. 2G6 is designed for 
about five chemists and one laboratory assistant. It can be used as a 
class room and for demonstrations before a larger audience. 

A spot test laboratory should contain the following equipment and mate- 
rials. They are classified under the headings : 
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1 . Reagenls on the working bench and in storage vessels: 

Wide-mouth bottle (250g.) for solid reagents. See Appendix, p. 263. 

Auxiliary reagents (dropping bottles, storage flasksj. See Appendix, 

p. 260. 

Spot reagent solutions (dropping bottles, storage flasks). See Ap- 
pendix, p. 263. 

Organic solvents (alcohol, ether, acetone, carbon disulfide, amyl 
alcohol, pyridine). 

Indicator solutions (dropping bottles). 

Indicator papers (in wide-mouth bottles). 

Reagent papers (in wide- mouth bottles). 

2. Reagents in cupboards: 

Organic reagents in wide-mouth bottles ^arranged alphabetically). 

Stocks of salts of highest purity in wide-moiith bottles (arranged 
alphabetically). 

3. Glassware: 

Beakers; Erlcnmeyer flasks; suction flasks; round-flat Ixittom -frac- 
tionating flasks; Kjeldahl flasks; Lielng condensers; reflux con- 
densers; distilling heads; watch glasse.s; Petri dishes; microscope 
slides; cover glasses; wash bottles; Woulff bottles; test tubes; 
centrifuge tubes, holders, and supports; crystallizing dishes; meas- 
uring cylinders; volumetric flasks; pipettes; burettes; funnels; 
separatory funnels; filtering crucibles and adapters; retorts; gas 
evolution apparatus (Kipp); extraction apparatus; desiccators; 
weighing bottles, 

4. Porcelain and qmrtz ware: 

(a) porcelain: mortars; beakers; dishes; casseroles; suction filters; 

plates; crucibles with and without lids; Clooch crucibles. 

(b) quartz: dishes; crucibles; watch glasse.s. 

5. Metalware: 

Water baths; sand baths; dishes; crucibles; tripods; ring stands; 
rings; clamps; burette holders; pipette holders. 

6. Woodenware: 

Drainboards; filter stands; test tube racks. 

7. Special equipment: 

See page 61. 

8. Miscellaneous: 

Spoons; spatulas (porcelain, horn, metal); crucible tongs; test tube 
holders; tools (hammers, tongs, screw driver, penknife, scissors); 
forceps; cork borers; glass rod and tubing; thermometers; burners; 
rubber tubing; rubber stoppers; corks; brushes; stop watch. 

9. Balances: 

Analytical; micro ; trip scale. 
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10. Ekcirical equipment: 

Drying ov^n; muffle furnace; hot plates; air heater; centrifuge; 
quartz lamp; refrigerator. 

B. Working Methods and Specul Aids 

Hie term ‘‘spot reaction” is a generic name applied to microchemical 
and semi-microchemical tests for inorganic and organic compounds or for 
characteristic atoms and groups of atoms contained in them. These tests 
are accomplished by sensitive chemical changes which can be carried out 
directly or indirectly. In these tests an important part is played by 
manipulation i\ith drops (micro or macrodrops) with no auxiliary optical 
magnification. Accordingly, spot reactions can be made; 

1. By bringing together one drop each of the test solution and reagent 

on porous or non-porous supports (paper, glass, or porcelain). 

2. By placing a drop of the test solution on a medium impregnated with 

api)ropriate reagents (filter paper, asbestos, gelatin). 

3. By placing a drop of reagent solution on a small quantity of the solid 

specimen (fragments or pulverized; evaporation or ignition 
residues). 

4. By subjecting a drop of reagent on a strip of reagent paper to the 

action of the gases liberated from a drop of the test solution or 
from a minute quantity of the solid specimen. 

6. In an extended sense spot reactions may also include tests accom- 
plished by adding a drop of reagent solution to a larger volume 
(0.5 to 2 ml.) of test solution and then extracting the reaction 
products with organic solvents. 

The choice of the foregoing procedures will be determined by the nature 
of the sample, the reagents required, and the desire to attain the highest 
possible certainty and sensitivity of the test. 

The actual “spotting” is the most essential manipulation in spot test 
analysis but it is not always the only operation involved. Frequently, 
preliminary measures are necessary to produce appropriate reaction condi- 
tions. Typical instances are; oxidation, reduction, adjustment to definite 
pH values, etc. Occasionally, in organic analysis it is even necessary to 
carry out syntheses on a small scale as a preliminary stage. Special 
expedients must sometimes be employed to make the reaction products as 
visible as possible (extraction, treatment with acids or bases). Accord- 
ingly, the technic of spot test analysis necessarily employs many of the 
familiar operations of macroanalysis but, of course, always on an appro- 
priately diminished scale, and, so far as is feasible, without significant 
losses. Spot analysis, however, utilizes certain operations peculiar to 
itself and that cannot be applied at all in macroanalysis. These include 
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the employment of capillary surface actions on paper and other substrates 
(see p. 77) and the method of “spot colorimetry’* (see p. 244). 

The equipment and manipulations required in spot test* analysis are all 
simple; the technic can be learned without difficulty. The essential re- 
quirements for a successful application of spot reactions include (1) a 
knowledge of the chemical basis of the tests so that the various steps of 
the procedures can be understood and executed intelligently; (2) strict 
observance of trustworthy experimental conditions; (3) scrupulous cleanli- 
ness of the laboratory and all equipment; (4) the use of the purest reagents. 
Whenever possible, tests should be carried out several times. In student 
exercises, where solutions of known content can be used, parallel tests 
should be made at various decreasing concentratidhs of the material being 
detected. The reaction picture is thus fixed in the learner’s memory and, 
furthermore, he learns to appraise and compare the effectiveness of tests. 

1. Preparation and Storing of SoliUians 

The preparation and storing of the solutions required for spot reactions 
vary with their particular purpose, their stability, and the frequency with 
which the solutions are to be used. Some solutions can be kept in readi- 
ness at all times, others must be prepared freshly when the occasion de- 
mands. Solutions of the test material, comparison solutions, and reagents 
which change on standing are examples of the latter class. 

Stock solutions (see Appendix, p. 260) include the same auxiliary reagents 
that are used in macroanalysis: acids, bas^, neutral salts; likewise, stable 
(water, alcohol, or acetone) solutions of the actual spot reagents; and, 
finally, organic solvents. It is very convenient to keep on hand water 
solutions of metal salts (nitrates or sulfates) and alkali salts of the various 
acids, containing 0.1 milligram per milliliter of metal or acid radical. These 
are used to prepare test solutions of the pure salt, or solutions of known 
dilution, for comparison when analyzing unknown materials. The deter- 
mination of the sensitivity of certain procedures, the comparison of the 
sensitivities of various reactions, and also spot colorimetry require these 
standard solutions (see p. 263). They should therefore be accurately 
prepared from the purest chemicals. For this purpose, the calculated 
quantities of salts of analytical grade can be weighed out directly, and the 
solutions made up to the proper volume in calibrated flasks. For solutions 
made from hygroscopic or efflorescent compounds, the approximate quan- 
tity is weighed out, the solution made up to a known volume and the actual 
concentration then determined gravimetrically or titrimetrically. Neutral 
solutions of salts should be prepared, if possible. If acid must be added 
to prevent hydrolysis, as little as possible should be used, and the content 
of free acid noted on the label. Standard solutions of or^nic materials, 
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in organic solvents if necessary, can also be prepared for use in spot testing 
organic samples. 

Considerable fjuantities of all stable solutions, such as auxiliary reagents, 
spot reagents, standard solutioas should always be on hand. Since the 
actual spot reactions, as a rule, require only drops of the reagent, it is well 
to keep a small supply of all the necessary solutions on the work table in 
50 ml. pipette- or dropping-bottles (Fig. 1). The storage bottles (2 liter 
for auxiliary reagents, 500 ml, for spot reagents, 1 liter calibrated flasks for 
the standard solutions) should be kept in a separate part of the laboratory. 
The small bottles can be filled from these with the aid of short-stem funnels. 



Fig, 1 (a). Dropping bottle 
(i actual size) 


Fig, 1 (b). Pipette bottle 
actual size) 


All bottles, as well as all glassware used in spot test analysis, should be 
made of the best resisbint glass. Before being filled, the bottles must be 
cleaned thoroughly and steamed out. Alkaline solutions that may attack 
glass are best stored in bottles whose interior is coated with paraffin to 
about three-fourths of their height. Pure melted paraffin is poured into 
the bottle, which is then steadily swirled while it is being lowered up to 
its neck in boiling water. The coated bottle is allowed to cool in the air. 

All dropping- (or pipette-) bottles should be labeled plainly as to the 
nature and concentration of their contents. It is convenient to keep the 
auxiliary reagents, solvents, and spot reagents in racks or blocks on the 
work table; the auxiliary reagents are grouped according to acids, bases, 
and neutral salts, and the actual spot reagents arranged alphabetically. 

Solutions should be taken from the small bottles only by means of their 
pipettes or through the channel in the neck and stopper; never by pourir^. 
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Since the drops delivered by the pipettes or dropping bottles are often too 
large, it is well to transfer several drops from these bottks to a "solution 
dish (Fig. 2) and then take the reagent from this by means of a glass rod, 
pipette, or the like. The solution dishes are glass beakers with 1 milli- 
meter walls and a capacity of 1 to 2 milliliters. A considerable stock of 
these should always be on hand. 

As soon as solution dishes have been used, they should be put into 
basins filled with water. The basins should liave handles, and separate 
basins should be provided for acid, basic, and neutral solutions. To clean 
the dishes, the water is poured off, and the basins containing the dishes 
are placed under the tap for a while, The dishes ^arc finally rinsed several 
times with distilled water. The dishes can be cleaned quickly in this way; 
they are then placed on a double layer of filter paper and allowed to drain 
and dry in the air. 

If a solution cannot be used at its original strength, but must be diluted, 
this can be done, depending on the desired accuracy, either in a graduated 


5mt 

Q'"' 

Fig. 2. Solution dishea 
(actual size) 

cylinder (5 to 25 ml.) or with the aid of a standardized pipette and volu- 
metric flask. When an approximate dilution will suffice, or if several 
water solutions of salts are to be mixed to carry out exploratory trials, one 
drop of the solution to be diluted, or of the salt solution to be mixed, can be 
placed in the depression of a spot plate. The necessary number of drops 
of water or of the other aqueous solutions are added and the solutions then 
made uniform by blowing into them through a dry pipette, or by stirring 
with a fine glass drop. The drops for the spot reactions and like purposes 
can then be withdrawn directly. This is a rapid procedure and suffices 
for many purposes. 

Solutions of solid samples that are to be subjected to spot reactions can 
be prepared in microcnicibles or test tube.s. The smallest feasible volume 
of the suitable solvent (chosen or found by trial) should be used. The 
circumstances prevailing in each case will determine whether such solutions 
can be tested without further manipulation or whether the undissolved 
portions of the sample or the excess solvent must be removed before pro- 
ceeding. This point requires special consideration. As a rule, it is unwise 
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to test solutions that are too strongly acid or too alkaline. Consequently, 
and especially when dealing with acid solutions, it is often necessary to 
remove the excess acid. 

Test solutions which are not to be used immediately should never be 
allowed to stand uncovered on the working table. This is particularly 
important when small quantities are involved. The cnicible can either 
be covered with a small watch glass or placed in a small desiccator, whose 
lower compartment contains a dish filled with water. Undesirable evapo- 
ration can thus be avoided. On the other hand, if cautious evaporation 
at ordinary temperatures is desired the crucible is allowed to stand over- 
night in a desiccator charged with solid calcium chloride or concentrated 
sulfuric acid, or a small vacuum desiccator may be used (see also p. 46). 

2. Grinding and Mixing Solids 

Solid specimens must often be subjected to definite chemical changes or 
special treatment in the course of analytical examination. These processes 
include solution in water, acids, or alkalies; fusion with disintegrating 
agents (sodium carbonate, peroxide, pyrosulfate) ; volatilization of certain 
components (fuming with hydrofluoric acid, sulfuric acid, etc.); extraction 
with organic solvents. The maximum reactive surface of the solid should 
be provided in such cases so that rapid and com])lete reactions may occur. 
This requirement is met in the case of slightly soluble compounds only 
when they are freshly precipitated and gently dried if need be. Ignited 
materials, especially natural or technical products, as a rule, must be 
pulverized beforehand, since a direct testing on compact surfaces for 
purposes of identification is only feasible in exceptional cases. 

Samples are best pulverized in agate mortars. A set of these with dif- 
ferent capacities (0.5 to 0 ml.) should be provided. Mortars and pestles 
of good porcelain or glass are less resistant but are good enough for many 
purposes. Very hard specimens should be broken up in a steel diamond 
mortar before being pulverized in agate. Fig. 3 shows a raicromortar of 
correct dimensions. 

Mere grinding of hard materials in mortars usually produces a mixture 
of aggregates of different sizes which must be homogenized before further 
treatment. This is accomplished by bolting the pow^der through a tightly 
stretched fine silk cloth. When tlie bolting cloth is tapped, the finest 
particles of the powder fall through the meshes and the coarser fragments 
remain behind. The latter are reground and the sifting and grinding 
continued until the total sample has passed through the cloth. Only when 
a perfectly homogeneous material is being examined may the coarser 
residue be rejected and the first portion that has passed through the sieve 
be taken for the chemical examination. 
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The arrangement shown in Fig. 4 is suitable for bolting small samples. 
It consists of an open glass tube with a flared rim. Th« tube is easily 
obtained by cutting off the bottom of a wide hard gla^ test tube. A circle 
of very fine silk is stretched over the end and fastened with a string. The 
powdered sample is placed in the center of the cloth, and the 0 {>en end of 
the tube is pressed against a square of white or black glazed paper. The 
cloth is then tapped at the side of the powder with a glass rod. After the 
fine powder has passed through the silk, the paper is folded into a V and 
the powder brushed into a cnicible or other reaction vessel. 



Fig. 3. Micromortar 
(actual size) 



Fig. 4. Microsieve 
(actual size) 


Fig. 5. Microspatula (nickel) 

(actual size) 

Pulverized samples are mixed with powdered reagents only if the mate- 
rials are well dried. The mixing can be done in crucibles, on watch glasses, 
and frequently on squares of glazed paper. Dry powders, that are not 
hygroscopic, can be weighed satisfactorily on tared sheets of glazed paper 
and can be brushed off the paper quantitatively. Micro-spatulas, platinum 
wires, or thin glass rods are suitable for mixing powders; wooden splints 
(toothpicks) often can be employed for this purpose. Paper and tooth- 
picks offer the advantage that they can be thrown away after they have 
been used once. Small horn spoons are used for transferring powders; 
nickel micro-spatulas (Fig. 5) are employed for very small quantities. Dis- 
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secting needles, a good magnifying glass, forceps, streak plates of unglazed 
porcelain (for Resting the hardness and streak of a powder), and small 
weighing bottles for storing specimens, are among the other aids required 
for handling and working with solid samples. * 

3. The Taking and Application of Drops 

The taking of drops from a test solution or reagent can be done in vari- 
ous ways depending on the particular conditions surrounding the experi- 
ment. The simplest method is to plunge a glass rod into the solution and 
then let a drop fall off. The size of the drop depends on the thickness of 
the rod (these arc usually 20 centimeters long). A glass rod 3 millimeters 
thick delivers drops wWse volume is about 0.05 ml, while smaller drops 
are delivered by rods approximately 1 millimeter thick. The use of glass 
rods is, however, permissible only for orientation trials, because it is impos- 
sible to regulate the size of the drops. If the rod is not wetted sufficiently, 
there is danger that the drops flow off too slowly, and the operator is 
tempted to touch the filter paper or other substrate with the rod. This 
results in the liquid being sucked off the rod with resultant loss of control 
of the size of the drops. If a precipitate is being formed, parts of it may 
stick to the rod, and in some cases this impairs the typical reaction picture. 

An exact controlled delivery of drops can be secured by using pipettes. 
Simple glass pipettes about 20 centimeters long can be made easily by 
drawing out tubes of resistant glass (4 mm. inside diameter). The width 
of the capillary constriction determines whether macrodrops (0.05 ml) or 
microdrops (up to 0.001 ml) are delivered by the pipettes. Pipettes with 
longer (up to 5 cm.) drawn-out capillary ends (inside diameter 1 to 0.5 mm.) 
are suitable for smaller volumes of liquid and the delivery of smaller drops. 
The transfer of smaller volumes of liquid from microcrucibles, centrifuge 
tubes, and so fortli can be done with the dropper pipettes shown in Fig 6. 

When drops are delivered from pipettes, care must always be taken that 
their outer surfaces are dry so that excess liquid is not carried along. This 
can bo avoided by wiping the filled pipette with soft filter paper, which is 
then discarded. 

If liquids arc drawn into a pipette by mouth, the pipette should be held 
so that the index finger is free and is kept so that it can easily be placed 
over the end of tlio pipette. The thumb presses the tube of the pipette 
against the three other fingers. The capillary end of the pipette is placed 
in the liquid, the operator inhales slowly taking care that no air bubbles 
get into the capillary. The pipette is then closed quickly with the index 
finger. The finger must not be clamped down tightly but should exert 
only a slight pressure. The drop-wise delivery of solutions from the 
pipette is accomplished by a very slight, partial raising of the finger. A 
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little practice will give the correct and confident feeling for delivering single 
drops. A pipette must never be discharged or closed witlpwet fingers be- 
cause of the danger of slippage with consequent loss of control of the 
delivery of drops. The taking and delivery of liquids and drops by means 
of a dropping pipette provided with a rubber cap must also be practiced to 
secure complete mastery in the handling of drops. The measurement of 
the volume of drops is discussed on p. 64. 

^Vhen drops of liquid are placed on paper or spot plates by means of 
pipettes, the latter should be held at a very obtuse angle to the horizontal 



Tig, 6. Dropper pipette 
(i actuaj size) 


surface. The capillary point should not be more than 1 centimeter above 
the place where the drop is to be delivered. If drops of the test solution 
and the reagent are to be brought onto filter paper one after the other, care 
must be taken that the second drop falls as nearly as [wssibie in the center 
of the first drop. However, sometimes there are particular reasons, such as 
to secure better visibility of the reaction, for spotting from the side. 

It is often an advantage when carrying out spot reactions on reagent 
paper not to drop the test solution onto the paper, but to flow it on from a 
capillary pipette by lightly pressing the tip onto the paper. The solution 
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then spreads concentrically from the point of contact; dissolved materials 
or reaction pr^ucts are thus retained in the immediate vicinity of this 
point. 

Drops of a reagent may be taken directly from the pipette or dropping 
bottles in which they are stored, but it is always preferable to transfer a 
small volume of the reagent to a solution dish (see p. 29) and then to take 
the desired quantity from this by means of a pipette. This procedure offers 
the advantage that any necessary dilution of the reagent can be made in the 
dish. 

An adequate number of glass rods and pipettes, in sufficient variety of 
sizes, should always be kept in rcadines.s. It is best to store pipettes with 
the constricted ends ddwn. Porcelain beakers about 10 cm. high, contain- 



Fig. 7. Support for pipettea, roda, etc- 
(I actual size) 


ing a layer of cotton to prevent chipping of the glass, are excellent holders 
for pipettes and glass rods. They and their contents can be protected 
against dust by keeping them under cellophane shields. 

Pipettes should never be laid on the work table lest they become dirty, 
or their contents trickle out. If the same pipette is used several times for 
parallel tests, it is best to lay it on a holder (Fig. 7), easily made from glass 
rod. As soon as pipettes and glass rods have been used, they should be 
plunged into beakers filled with water. This prevents interchanges. It 
also facilitates cleaning, because solutions easily evaporate on the glass, 
particularly in the capillaries, and may leave salt crusts. 

Very small and uniform drops arc obtained by means of platinum wire 
loops. The size of the loop can be varied, and the corresponding volume of 
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liquid delivered can be determined fairly accurately by weighing tJie drops. 
The loops, of different sizes, are made by bending platini^n wire of proper 
thickness and soldering the junction. A handle is provided by inserting 
the wire in the usual manner into a length of softened glass rod or tubing. 
These wires are kept in Pyrex test tubes provided with corks or rubber 
stoppers; the labels should show the size of the drop delivered. Smooth 
new platinum wire allows liquids to drip off too readily, and hence it is nec- 
essary to roughen the wire by dipping it into platinic chloride solution and 


'V 

Fig. 8 ^ 

Fig. 8. Storage bottle for Bolutions, which permits controlled delivery of drops 
(i actual size) 

Fig. 9. Device for delivering drops of water 
(capacity = 30 ml.) 

then heating it to redness. This treatment should be repeated several 
times. 

A storage bottle for water and solutions, which do not deteriorate on 
standing, and permitting easy delivery of drops, is shown in lig. 8. It 
consists of a Pyrex ffask into which a tube with a capillary end has Ixien 
fused. The constricted neck, which is provided with a hole to admit air, 
is closed with a small rubber bulb. 

A simple and practical apparatus for delivering drops of water is shown 
in Fig. 9. It a capacity of about 30 ml. It is filled through the funnel- 
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shaped arm, while suction is being simultaneously applied through the side 
arm by means a water pump. 

Fig. 10 shows a small apparatus for delivering uniform drops of mercury. 
It consists of a storage vessel and is closed by a glass cock whose plug has a 
depres.sion (A) in place of the usual bore. The size of the drop is deter- 
mined by the size of (A) and, consequently, different sized drops can be 
delivered by varying the depression. One advantage of thLs ‘‘mercury 
dropper,’’ which can also be used to deliver drops of other liquids, is the 
tight closing of the storage ves.sel and the unvarying size of the drops dis- 
charged. The vessel is filled by taking out the cock and inserting a short- 
stem funnel in the delivery tube. 

Burettes can also be used to deliver drops. In qualitative spot test 
analysis, it is well to use microburettes with a capacity of 0.5 to 1 ml. when 
sensitivity determinations are being made, or when the size of drops is being 



Fig. 10. Apparatus for delivering uniform drops of mercury 
(I actual size) 

determined as described on p. 65. Microburettes are indispensable in spot 
colorimetry (see p. 245). 

4. Spot Reactio7is oji Filter and Reagent Papers 

Spot reactions are performed either by bringing together a drop of the 
test solution and of the reagent on filter paper, or by placing one drop of 
the test solution on filter paper impregnated with an appropriate reagent. 
Not all papers are suitable for these operations and the quality of the paper 
must therefore be considered in every case. The purity of the paper is an 
important factor, but the almost complete absence of mineral constituents, 
which may be considered primarily as contaminants, is frequently less 
significant than the correct structure of the paper, that is, its thickness, 
texture, permeability, and shape of the fibers, which determine the absorb- 
ability. 

The most frequent contaminant is ferric iron. This is detected easily 
by placing a drop of acidified, saturated solution of potassium thiocyanate 
on the paper; on drying, a red spot or ring of iron thiocyanate will be seen. 



WORKING METHODS AND SPECIAL AIDS 


37 


Practically all varieties of paper contain minute quantities of silica; also 
traces of barium, calcium, magnesium, and, occasion?Jly, phosphate. 
Alkali metals, particularly potassium, are found only in qualitative papers. 
They are absent in good qualitative papers which have been washed with 
acids and water.^ 

Practically all filter papers contain small quantities of starch. It should 
also be noted that the cellulose of filter paper is by no means an inert ma- 
terial. It can be oxidized and can, therefore, act as a reiiucing agent. The 
relatively small moisture content of properly stored filter paper does not 
interfere with spot reactions, but it must be remembered that strong 
caustic alkalies and concentrated acids rapidly swell the fibers or make 
them brittle. Consequently, filter paper, as a ru^e, is suitable only for 
working with solutions that arc not extremely acid or basic. The purity 
and resistance towards chemicals of most of the good papers on the market 
are adequate for the majority of spot reactions. This is not true, however, 
with respect to the requirement of suitable imbibition.* 

It is particularly important that the paper soak up liquids rapidly, but on 
the other hand, the drop placed on tlie paper, the so-called “s|X)t” or 
“fleck’^, should not spread too much, (See page 65 regarding the determi- 
nation of the absorptive powers of paper by measuring the iodine picture.) 
The typical reaction picture of a spot test on filter paper always appears 
within the bounds of the spot, and consequently too much spreading inter- 
feres with the detection of small quantities of colored reaction products. 
Very thin filter paper, on which capillary spreading results in spots that are 
too large, is therefore inlierently unsuited for spot reactions. 

The capillarity of the paper is responsible for the fact that the sensitivity 
of spot reactions is often greatly dependent on the type of paper employed. 
Consequently, it is important to use types or varieties of paper that are 
preeminently suited to the purpose, when minute quantities of material 
are being sought (especially in the vicinity of the identification limit), and 
when utilizing capillary separations in paper (see p. 77). Many spot reac- 
tions have been worked out with the aid of the following Schleicher and 
Schiill papers. Whatman papers give approximately the same results. 

^ The mineral constituents of filter paper come from the inorganic materials 
contained in the cellulose fibers and from the salts in the well water used in the 
manufacture of the paper. The ash content of the better grades of qualitative paper, 
that have not been washed with acids, averages 10 y per square centimeter. “Ash 
free” papers, w'hich have been extracted with hydrochloric and hydrofluoric acids 
and then washed with distilled water, have an ash content of 0,8 y per square 
centimeter; about half of this is silica. 

* The differences in imbibition shown by various kinds of filter paper are a result 
of the nature of the raw materials (linen and cotton fibers), the method of beating, 
and the drying of the finished moist paper. The shorter the fibers and the lower the 
drying temperatures, the softer and more absorbent the paper. 
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The following papers may be regarded as equivalent: 

Schleicher i 

and Sohtill Whatman 

No. 601 “Spot Paper” No, 120 Drop reaction paper, 

double thickness 

598 3MM 1st quality 

589 42 or 542 

Filter papers intended for spot reactions should be stored in vessels with 
tight lids, in boxes, or in Petri dishes. The type of paper should be stated 
on the label of the container. The paper should be cut into strips (2X2 
cm. or 2 X 6 cm,); these make for economy and convenience. Beginners 
are urged to carry out spot reactions with dilute solutions under constant 
conditions on various types of filter paper to acquire a background of 
experiences. 

Filter paper should not be held in the hand, nor laid on the table or on a 
paper, when drops are placed on it from pipettes and so forth. Losses due 
to run-off and imbibition by the support should be avoided. The proper 
method is to lay the strip across an o])en porcelain crucible and to place the 
drops in the middle of the horizontal paper. An unhindered capillary 
spreading follows and circular spots result, A number of comparison spots 
can be produced if a longer strip and a larger crucible are used. 

Spots are dried by allowing the strips to remain on the crucible, or the 
entire set-up is placed in a drying oven or subjected to a current of warm 
air (see p. 53). So far as possible, manipulations with filter papers should 
be accomplished without contact with the fingers. If it is necessary to dry 
the strip in a current of warm air, or to plunge it into an acid bath, or to 
subject it to the action of a gas, one comer of the strip should be held with 
a pair of forceps. Obviously, care must be taken not to bring the forceps 
into contact with the moist spot, nor with acids, etc. 

Spot reactions on paper do not always involve the union of a drop of the 
test solution and one of the reagent. Sometimes filter paper is impregnated 
with the proper reagent and the dry reagent paper is spotted with a drop of 
the test solution. This procedure, which assumes, of course, the avail- 
ability of stable reagents, has the advantage that there is no mutual dilution 
of the reagent and test solution. A better localization and visibility of the 
reaction products at the place where the spot has formed is achieved, as 
compared with the result of bringing two drops together. A still better 
effect is obtained by impregnating filter paper with reagents that are so 
slightly soluble in water that no bleeding occurs when a drop of the test 
solution strikes the paper. Organic reagents that are only slightly soluble 
in water, but that dissolve readily in alcohol or other organic solvents, have 
this advantageous characteristic. Slightly soluble compounds, that can 
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be precipitated on paper and in its capillaries by certain chemical reactions, 
can also be used in this way. 

Spotting on reagent paper impregnated with an insoluble comixnmd in- 
volves a reaction of dissolved materials with an insoluble reagent. This 
procedure cannot be useil in macroanalysis because compact materials, in 
general, react too slowly. If, however, these same solids are iincly divided 
by precipitation in the capillaries of paper aiul thus endowetl with an exten- 
sive reactive surface they will undergo chemical changes almost, as rapidly 
as soluble reagents (see p. 03). The localization of characteristic reaction 
products, with consequent better visibility and increase in the sensitivity of 
the test, is not the sole advantage of using reagent^)apers impregnated with 
insoluble compounds. In many cases, a highly desirahle homogenizing and 
stabilization can be accomplislied by impregnating filter pajx-r with insolu- 
ble compounds which then behave like soluble materials. For instance, it 
is not possible to prepare a good stable alkali sulfide jxaper; it oxidizes to 
sulfate too rapidly and the highly soluble alkali sulfide is washed away wlicn 
the paper is spotted with an aijueous solution. On the other hand, it is 
easy to impregnate filter papers with slightly soluble sulfides (ZnS, CdS, 
Sb 2 S 3 , etc.). Such papers are stable; each has its maximum sulfide ion 
concentration (controlled by its solubility product) and hence ])reci])itatc8 
only those metallic sulfides whose solubility iiroducts are sufficiently low. 
Antimony sulfide paper precipitates only silver, copper, or mercury in the 
presence of lead, cadmium, tin, iron, nickel, cobalt, and zinc. Another 
striking example is the detection of iron by spotting on paper impregnated 
with the difficultly soluble white zinc ferrocyanide. In this form the tost 
is far more sensitive than when it is made by uniting drops of a ferric solu- 
tion and an alkali ferrocyanide, or by spotting on potassium ferrocyanide 
paper. The latter also is less stable than zinc ferrocyanide paper. Conse- 
quently, if possible, it is always better to impregnate filter paper with ‘'insol- 
uble^' reagents than with soluble ones. 

It is cavsy to impregnate filter paper with reagents that are soluble in 
water or in organic solvents. The proper solutions are prepared in b(^kers 
or dishes and the strips of filter paper are bathed in them. Care must be 
taken that the strips do not cling to the sides of the container, that they do 
not touch each other or stick together, because this may prevent a uniform 
impregnation. The immersion should last for 20 to 30 minutes, the solu- 
tion should be stirred quite frequently, or the vessel swirled, to produce 
uniformity. The strips are taken from the bath, allowed to drain, pinned 
to a cord (stretched horizontally) and allowed to dry in the air. 

Instead of soaking the strips in the solution, reagents can be sprayed onto 
filter paper. The atomizing tip shown in Fig. 11 is excellent for this pur- 
pose. The impregnating solution is placed in a wide test tube which is 
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then closed the atomizing bead. The paper is held horizontally and 
the spray expelled by blowing into the apparatus. The paper is sprayed 
first on one side and then on the other. 

Filter paper is impregnated by soaking it in the appropriate solutions or 
by spraying when it is desired to prepare a stock of reagent papers. The 
following procedure is recommended for single experiments or when, for 
special reasons, the spot produced by a drop of a solution must be dried 
before adding a drop of the other reactant. V-shaped strips of filter paper 
arc spotted on each side, taking care that the spots stay in the center of 



Fig. 11. Atomizer head for spraying reagents 
(I actual size) 

the strips as nearly as possible. The strips then remain so stiff that they 
can be stood on the table and allowed to dry. The impregnated strips are 
cut at the crease before they are used. 

Homogeneous impregnation can only be accomplished through gradual 
uniform drying on all sides. If paper is soaked with a salt solution and then 
dried by exposing it to a stream of heated air from the drying apparatus, the 
rapid evaporation and the subsequent capillary diffusion always leads to an 
accumulation on the side of the paper turned toward the blast. This effect 
can be detected immediately in the case of colored reagents, because the 
color is far less intense on the side of the paper turned away from the blast. 
The localization of a reagent on one side of the paper is an advantage, par- 
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ticul^rly for water-soluble reagents, because it is desirable to have the 
largest possible quantity of reagent available at the plaoe where the spot 
is made, so that there will be a rapid and complete reaction with the mate- 
rials in the test drop. 

If strips of filter paper arc dried in a blast of hot air, they should either 
be held on both ends with forceps, or laid on a ribbed porcelain plate at such 
distance from the hot air apparatus that the current of warm air presses the 
paper against the porcelain plate. The completion of the drying is deter- 
mined easily because the moist paper, which adhered to the i)latc, rises and 
flutters in the current of air. 

There are no general procedures for impregnating filter paper with com- 
pounds produced by precipitation on and in the paper. .Vs a rule, the strips 
are soaked with the solution of one of the react Jints, dried, ami then im- 
mersed in the solution of the appropriate precipitant. The e\e<\ss reagents 
are removed then by washing, and the paper dried. If this method is used 
the order in which the solutions are applied, as well as their concentrations, 
makes a difference. The best conditions must always be detcrmiiKal by 
trial. It is preferable to use a reagent if ])ossible in the gaseous form 
(hydrogen sulfide for precipitating sulfides or ammonia for ])reci])itating 
oxides) rather than in solution; there is then no danger of washing away the 
precipitate. For the same reason it is often advantageous first to form an 
adherent compound which cannot be washed off the paper ant! then carry 
out the reaction producing the desired reagent. P'or instance, a good lead 
sulfide paper is produced — not by soaking the paper in a lead .salt solution 
followed by treatment with hydrogen sulfide water or gas— but rather by 
forming zinc sulfide on the paper and converting this into lead sulfide l)y 
bathing in a solution of a lead salt. 

It must be remembered that few reagent papers are as slabk' a.s the 
familiar indicator papers, which owe their ])crmancnce to an irreversible 
adsorption of dyes on the paper. In general, tlie imi)regnation with amor- 
phous compounds Is more permanent than with crystalline materials, Ihc 
latter recrystallize, their surfaces are diminished, they become detached 
from the capillaries of the paper and the original homogeneity and high 
reaction rate are lost. The decreased activity of old reagent papers is duo 
therefore, in general, not to chemical but to physical (surface) changes. 
These occur to quite different degrees with different compounds. In most 
cases, careful storage in closed containers and protection from light will 
insure adequate stability for several weeks. 

5. Spot Reactions in Porcelain and Glass Vessels 

In the performance of spot reactions, and particularly in the course of 
preliminary operations, it is often necessary to use glass, porcelain, or metal 
apparatus. These are required to carry out, on a small scale, certain op- 
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erations, such as treatment with concentrated acids, caustic alkalis, igni- 
tions, fusions, etft. 

The use of non-porous materials is especially imperative when one (or 
more) of the reactants is so strongly alkaline or acid that a rapid swelling or 
weakening of the fibers of filter paper is likely. In such cases, it is conven- 
ient to use spot plates (Fig. 12). These may be either white or black and 
made of glazed porcelain or resistant glass. They have 6 to 12 identical 
(lepressions, each with a capacity of 0.1 to 1 ml. An adequate supply of 
.spot plates with different sized depressioas should be kept on hand. The 
white porcelain background makes it pos.sible to detect very small differ- 
ences in color intensity oy slight changes in color. This is particularly true 
if parallel blank tests with drops of water are made in adjacent depressions, 
('omparison tests with drops of solutions of known content can also be car- 
lied out in adjoining depressions (see Spot Colorimetry, p. 249). Black 



Fig. 12. Spot plate with depressions of different capacities 
(i actual size) 


spot plates arc an advantage if light colored (or colorless) precipitates or 
turbidities arc formed. Glass spot plates are excellent. They can be 
placed over glossy paper of various colors; thus the observation of minute 
quantities of precipitate or soluble colored reaction products is often made 
easier. 

The drops of test solution and reagent brought together on a spot plate 
must always be well mixed. This is done with a glass stirrer (Fig. 13) or, 
still better, by blowing onto the solution through a fine pipette. During 
the blowing, the end of the pipette is held about 0.5 cm. away from the 
surface of the liquid and moved over it. 

Even a slight coating of grease in the depression of the sjwt plate will 
prevent drops from coalescing. In delicate tests with microdrops it is 
therefore imperative to clean the depressions by wiping them with cotton 
moistened with a mixture of alcohol and ether. 
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Precipitates that arc formed by the addition of reagents dissolved in 
alcohol or ether will creep up the walls of the depression as the organic 
solvent evaporates. The same Is true for the dissolved reagent and , in case 
it is colored, blank tests are necessary without exception. 

Porcelain is attacked on long contact with alkaline solutions and the 
smooth surface becomes rough. Careless cleansing may also damage por- 
celain. These evils may be avoided if it is made a matter of routine not to 
allow the spot plates to stand after use nor to permit solutions to dry up in 
the depressions. The plates should be placed, as soon as possible, in glass 
dishes filled with water. This prevents troublesome adherence of precipi- 



Fig. 13. Stirrer (glass) 
(i actual size) 


tates and incrustations and, as a rule, the plates can be cleaned completely 
by merely swabbing them with a cloth. In case the porcelain still retains 
the precipitate, a suitable acidic or basic solvent is used. This should be 
as dilute as possible. Spot plates should not be cleaned with the ordinary 
chromic acid solution; it attacks them badly. 

Some spot reactions can be carried out on paper just as well as on spot 
plates and with equal sensitivity. Often , however , a typical reaction prod- 
uct can be detected more easily, and in smaller amounts, on one, rather than 
the other of these liackgrounds. Spot tests on paper are more sensitive 
and consequently are preferable when adsorption or other capillary action 
of the paper, that lead to an accumulation and localization of colored rcac- 
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tion products, are involved. On the other hand, weakly colored com- 
pounds, particularly yellow ones, or slight color differences produced by 
colored reagents, generally can be distinguished more readily on spot plates. 
The beginner is urged to try tests on a spot plate even though the directions 
recommend the use of paper, and me versa. He will thus obtain his own 
opinion of the characteristic reaction picture and the range of application 
of the two most important methods of conducting spot reactions. 

If a comparison with blank tests is not necessary, spot reactions can be 
made on small watch glasses, in microcrucibles (Fig. 14), in the bowl of a 
small porcelain spoon, or on a grooved piece of magnesia. Crucible covers 
or watch glasses made^of quartz or quartz glass are sometimes suitable. 
A drop of solution can be easily evaporated or even ignited on them as a 
preliminary to the actual spot reaction. 

Microcrucibles are excellent if solids must be brought into solution by 
digestion with acids or alkalies preparatory to the spot reaction, or when a 
small volume of liquid is to be concentrated or evaporated. The test tubes 



Fig. 14. MicrocmcibleB 
(actual size) 


shown in Fig. 15a serve the same purpose. By properly inclining them it is 
possible to dissolve small quantities of alloys and similar materials, make 
the evaporation, take up the residue in water, and deliver drops of the 
resultant solution through the side arm onto filter paper or a spot plate. 

Spot reactions that produce tiny precipitates or faint turbidities, or those 
requiring subsequent extraction with organic solvents to concentrate the 
reaction product are conveniently carried out in micro-test tubes, either 
open or provided with glass stoppers (Fig. 15b), Solutions can be 
heated or boiled in these without serious loss due to evaporation or spatter- 
ing. Such micro-test tubes should be made of resistant glass, kept in suit- 
able racks, and cleaned with fine brushes. Turbidities or colors can easily 
be seen in these test tubes when viewed against a white or black back- 
ground. Rectangles (6 X 12 cm.) of black or white glazed paper or luster- 
less cloth pasted on thick cardboard are excellent for this purpose. Dull 
aluminum foil sometimes can be used to advantage. 

If small quantities of precipitates are to be made visible, it is well to make 
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the spot reaction in the glass tubes shown in Fig. 16, and to centrifuge after 
allowing the reaction mixture to stand for a while. The precipitate collects 
in the capillary end of the tube, and can be detected with a magnifying glass 
if viewed against a suitable background. 








Fig. 15 (a) Fig. 15 (b) 

Fig, 15 (a). Special test tube for solution of sample and delivery of drops of the 
resulting solution 
Fig. 15 (b). Micro-teat tubes 
{actual size) 


V 

Fig. 16. Centrifuge tube 
(i actual size) 

Fine platinum wires are used to stir solutions in crucibles, micro- test 
tubes, or centrifuge tube.s. The glass .stirrers, whose proper dimensions are 
shown in Fig. 13, are excellent. 

The methods recommended for cleaning .spot ])lates .should also be used 
for crucibles, micro-test tubes, and the like. They should be put into water 
immediately after use. Care must be taken that all glass apparatus is 
thoroughly dry and free from dust and grease. 
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6. Evaporation — Ignition — Fusitm 

Concentration of solutions, that is, diminution in volume by removal of 
most of the water, evaporation of solutions to dryness, or removal of vola- 
tile acids by warming, are carried out chiefly in porcelain or platinum micro - 
crucibles. The apparatus shown in Fig. 17 is very convenient for all these 
operations. It consists of an aluminum block provided with wells for a 
thermometer (T) and for two or three microcrucibles. A small glass bell 
with a stop cock is fitted tightly to the block. With this apparatus it is also 




Fig. 17. Aluminum block for concentrating solutions, etc. 

(i actual size) 

Fig. 18. Set-up for concentrating a solution in a centrifuge tube 
(J actual size) 

possible to remove water and volatile compounds under reduced pressure 
and at temperatures below the normal boiling points. If the bell is placed 
on a well-fitting ground glass plate, the assembly can be used as a micro- 
desiccator. 

Small volumes of liquid can be concentrated or taken to dryness in centri- 
fuge tubes at water bath temperature by blowing in dry filtered air. This 
is sent through a glass capillary and impinges on the surface of the liquid to 
be avaporated. Details of the apparatus for this operation are shown in 
Fig. 18. 

If water bath temperatures are not sufficient to remove volatile com- 
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pounds, air or sand baths can be employed to furnL^h the higher temperature 
required. A simple air bath is shown in Fig. 10. It conlists of a nickel 
crucible with a copper wire triangle suspendai in it through lateral slits. 
The triangle supports a microcrucible or microbeaker. The nickel crucible 
can be heated directly by a burner or placed on a hot plate. The tenq)era- 




coQBtructcd from nickel crucible 
(1 actual aize) 



Fig. 20. Set-up for leading fumes away 
(J actual size) 


ture can be determined by suspending a thermometer in the crucible. If 
filled w’ith fine sand, the crucil)lc can be used as a sand bath. In this ca.se 
the vessel containing the liquid to be evaporated is placed on or in the sand. 
The apparatus should be set up in a hood if cloud.s of acid vapors or am- 
monium salts are expected. An alternative arrangement is to place a glass 
funnel (see Fig. 20) over the crucible and draw the fumes away with a good 
filter pump. The heating bath can then be set up on the laboratory bench. 
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A silica watch glass can be used when evaporating small volumes of liquid 
and igniting thodry residue. This has the advantage that the evaporation 
or ignition residue can be inspected directly, particularly when the watch 
glass is held against black glazed paper. 

Products can be ignited or ashed in porcelain or platinum crucibles, on 
silica watch glasse.s, or on a piece of grooved magnesia (Fig. 21 ). The direct 
flame of a microburaer is used. Ashing and ignition are advantageously 
carried out in electrically heated furnaces provided with temperature indi- 
cators. The action of the gases from the burner and losses through spatter- 
ing and decrepitation are thus avoided. 

The examination of silicates and other materials, that are not soluble in 
acids, often necessitates fusion with a disintegrating flux. Oxidizing fusions 
arc sometimes required, Small quantities of the sample can be mixed with 
sodium-potassium carbonate, sodium bisulfate, or alkali peroxide and then 



Fig. 21. Grooved magnesia for ignitions 
(actual size) 


I III— 1, ^ ^ 

Fig. 22. Platinum spoon, with handle fused into a glass tube 
(actual size) 

heated in the loop of a platinum wire. A small platinum spoon, capacity 
about 0.5 to 1 ml,, that has its handle fused into a glass tube (see Fig. 22), is 
higlily recommended for these fusions. Silicates can also be decomposed 
in a platinum spoon by fuming with hydrofluoric and sulfuric acids; volatile 
silicon tctrafluoride is formed. The residue can be readily examined or 
subjected to further treatment. A magnesia groove or rod sometimes 
suffices for the decomposition of certain samples. 

7. Action and Liheration of Gases {Vapors) 

Two kinds of manipulations witli gases or vapors are used in spot test 
analysis. Gases (vapors) are employed as auxiliary reagents for precipita- 
tion, alkalization, or oxidation of solutions. On the other hand, the libera- 
tion of small quantities of gases (vapors) as characteristic products which 
can be identified by subsequent reactions is the basis of certain tests. The 
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apparatus required for handling gases (vapors) is determined by the purpose 
at hand. 

Spot reactions on paper involving the action of gases or vapors (HjS, 
NHj, halogens, steam) can be conducted by leading the gas directly from 
the generator, or by placing a strip of filter paper over tlie neck of an open 
flask filled with hydrogen sulfide water, ammonium hydroxide, etc. The 
steamer (Fig. 23) can be used as a gas generator, if the flask is filleil with 
hydrogen sulfide water, bromine water, or ammonia water, warmeti, and the 
material to be gassed placed on the side arm. 

The separation of certain groups of metals by treating the aclil or arnmo- 
niacal solution with gaseous hydrogen sulfide is a common stej) in chemical 
analyses. In spot test analysis, this precipitation can be accomplished by 



Fig. 23. Apparatus for treating paper with gases or vapors 
(actual size) 

saturating a small volume of the solution with hydrogen sulfide in a micro- 
centrifuge tube. The hydrogen sulfide is admitted through a fine capillary 
to prevent loss by spattering. The delivery tube is made by drawing out 0 
mm. glass tubing to form a capillary of i to 2 mm. bore and 10 to 20 cm. 
long. A plug of bleached cotton wool is inserted in the wide part of the 
tubing; then the capillary end is heated in a microburner and drawn down 
to a finer tube of 0.3 to 0.5 mm. bore and about 10 cm. long. Fig. 24 shows 
the complete arrangement. The fine capillary delivers a stream of tiny 
bubbles; consequently, the solution docs not spatter from the micro- 
centrifuge tube. The gas must be started through the tube before plung- 
ing the end of the capillary' into the solution. Otherwise, the solution will 
rise in the capillary and, w'hen the hydrogen sulfide is admitted, a pre- 
cipitate w’ill form in the capillary and clog it. The end of the sulfide 
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precipitation can be easily detected by an increase in the size of the rising 
bubbles. At r<)om temperature, this point is usually reached in about 3 
minutes. 

An adequate supply of various types of special apparatus of small 
capacity must be kept on hand. These are required for the liberation of 
volatile compounds after decomposing small quantities of solid materials 
or solutions with acids or alkalies. An apparatus designed for the detection 
of carbonate, sulfide, etc., is shown in Fig. 25. It consists of a micro-test 
tube of about 1 ml. capacity and can be closed with a small ground glass 


^Rubber stopper 


1 


\-^Punfied 
cotton woo/ 


Fig. 24. Set*up for precipitating sulfides by leading in hydrogen sulfide 
actual size) 


stopper fused to a glass knob. The gas is evolved in the tube, aided if neces- 
sary by gentle warming, and is absorbed by the reagent. Since the appara- 
tus is closed, no gas escape.s, and if enough time is allowed it is absorbed 
quantitatively. A drop of water may replace the reagent on tlie knob. In 
this case the gas is dissolved, and the drop then may be washed onto a spot 
plate or into a raicrocrueible and treated there with the reagent. The 
apparatus shown in Fig. 26 Is sometimes preferable, particularly when 
minute quantities of gas arc involved. The tube is closed by a rubber 
stopper and the glass tube, blown into a small bulb at the lower end, may 
be raised or lowered at will. A change of color, or the reaction products, 
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may be made more distinct by filling the bulb with powdered g>'psum or 
magnesia. In some cases, such as the test for ammonm, it^nay be desirable 
to suspend a small strip of reagent paper from a glass hook fused to the 
stopper (Fig. 27) . The apparatus shown in Fig. 28 is used when a particu- 
lar gas is to be identified in the presence of other gases. In this arningement 
the stopper of the rnicro-test tube is a small glas.s funnel, and the impreg- 
nated filter paper is laid across it to absorb the gas. Tlie impregnated 
filter paper permits the passage of the indifferent giisos aiul retains only the 



Fig. 25 Fig. 26 Fig. 27 

Fig. 25. Apparatus for detecting CO*, II^S, etc. 

(actual size) 

Fig. 26. Modification of apparatus shown in Fig. 25. Especially suitable f(»r 
detection of minute quantities of giia 
(actual size) 

Fig. 27. Apparatus for detection of gases, with provision for suspending a 
reagent pai)cr 
(actual size) 


gas to be detected- The latter forms a non-volatile comjxjund which can 
be identified by a subsequent spot test. Another useful ap|)aratus (Fig. 29) 
consists of a micro-test tube containing a loosely fitting gla.s.s tube narrowed 
at both ends. The lower end is filled to a height of about 1 mm. with an 
appropriate reagent solution. If the gas evolved forms a colored product 
with the reagent, it can be seen easily in the capillary. 

A simple hard glass tube, supported in a circular hole in an asbestos plate 
(Fig. 30), can be used if high temperature or ignition is required to free the 
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gas. The open end of the tube is covered with a small piece of reagent 
paper kept in place by a glass cap. 

Microdistillation is sometimes required; the chromyl chloride test for 
chloride is an example. Very small quantities of material can be distilled 



Fig. 28 Fig. 29 Fig, 30 

Fig. 28. Apparatus for detecting a gas in the presence of indifferent gases 
(actual size) 

Fig. 29. Apparatus for detecting a gas that forms a colored product with the 
reagent solution 
(actual size) 

Fig. 30. Apparatus for detecting a gas whose release requires high temperatures 
(actual size) 



Fig. 31. Apparatus for distilling small volumes of a liquid 
(actual size) 

in the apparatus shown in Fig, 31. A microcrucible or microcentrifuge 
tube can be used as the receiver. 

8. Heating of Solutions 

There are various ways of heating solutions to hasten chemical reactions 
in spot test analysis. 
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Filter paper, on which drops of liquid have been placed, can be wanned 
by holding it over an electric hot plate or over an asbestos plate heated by 
a burner. A blast of hot air is still better. !More or less evaporation can 
be expected because of the great surface exposed by the liquid when taken 
up in the capillaries of the paper. When the spots are subjected to a cur- 
rent of warm air, it must be remembered that the material will be localized 
on that side of the paper nearest the heat. 

Sometimes it is advantageous to heat spots on paper with avoidance of 
evaporation. This can be done by means of steam. A suitable apparatus 
is shown in Fig. 23. Its operation is self-evident. The filter paper is laid 
on the side arm support, kept in place with the qoncave side of a small 
watch glass, and exposed to the action of the issuing steam. 



Fig. 32. Support for holding beakers, etc. on a water bath. 
(I actual size) 


If small volumes of liquid are to be heated with as little rapid evaporation 
as possible, or if a material is to be dissolved by warming with acids, alkalies, 
etc., small vessels of glass, porcelain, or platinum arc necessary. Micro- 
crucibles are placed on a water bath or on an asbestos plate heated by a 
microbumer. The liquid in the crucible is stirred with a microstirrer to 
avoid spattering and super-heating. 

A support designed to hold microcrucibles, microbeakers, or microcentri- 
fuge tubes on the water bath is shown in Fig. 32. It consists of a hard 
glass tube constricted at the bottom and held in a metal ring. About 
3 cm. from the bottom of the tube is a glaas support for the crucible, 
etc,, which can thus be warmed by the current of steam. 

The simple arrangement shown in Fig. 33 is excellent for heating liquids 
in micro-test tubes. It is made by twisting together two thin aluminum 
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wires. The flared ends of the test tubes are easiJj held in place in these 
Blings, If the ^ire stand, together with the test tubes, is suspended over 
a beaher filled with water it is easy to heat them and to carry out duph'cafe 
or parallel tests. 

Whenever possible, it is best not to boil liquids; instead, solutions should 
be heated at water bath temperatures. 



Fig. 33. Wire filing for holding teat tubes, etc. 

(i actual size) 

9. Separation of Solid and Ldquid Phases 

The detection of certain elements and groups of atoms can often be ac- 
complished directly in the presence of other materials by calling on every 
possible means to increase the sensitivity and positiveness of chemical tests. 
The usual operations of separating by precipitation and filtration, which 
are essential in the solution of analogous problems in the classical methods 
of qualitative inorganic and organic analysis, sometimes cannot be used. 
In many cases, however, the surest procedure is still to make a division into 
the familiar main groups of the systematic scheme of analysis and to follow 
this partial separation by spot reactions to identify the individual members 
of the groups. This is particularly advisable in the analyses of unknown 
inorganic mixtures, and in the investigation of natural or artificial products. 
Likewise, when the analyst is asked to determine the presence or absence 
of a given material in a specimen, it is occasionally best, after the sample 
has been dissolved, to make a preliminary precipitation. The identity 
tests can then be carried out by means of characteristic spot reactions on 
the precipitate or filtrate. Furthermore, since the isolation and rendering 
visible of minute quantities of precipitated materials is often of great 
moment in spot reactions, it follows, from all the foregoing, that the separa- 
tion of solid and liquid pliases is a very important operation in spot test 
analysis, where it often has to be accomplished on a microscale. 

When spot reactions are made on paper, either by bringing together two 
drops or by spotting a reagent paper with a drop of the test solution, any 
insoluble compounds formed are precipitated directly in the paper, and the 
unchanged constituents of the solutions undergo capillary diffusion. The 
latter will then be present throughout the whole spotted area, particularly 
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in the circular zone surroiuidijQg the precipitate. PVecipitatioii and nitra- 
tion are thus accomplished in the surface of the paper.* Additional spot 
tests can be made then on the spotted area, either on the product that has 
precipitated there, or on the circular zone surrounding the precipitate. 
Spot reactions on paper not only accomplish a direct precipitation and 
filtration but also make it possible to purify precipitates by washing, lliis 
can be done by placing drops of water, or of a suitable wash li(iuid, on the 
center of the spot; the concentric ring around the precipitate is thus ex- 
tended by capillary diffusion. If the filtrate is of no importance for 
additional tests, it is better to bathe the spotted j)apcr in an appropriate 
wash liquid, which can be renewed if neccssiiry. ^Vhen it is desired to wash 
a precipitate by repeated treatment with drops of water, each droj) should 
be completely absorbed before the next drop is added. 

It is generally better to dry the spots before wa.shing them. This fixes 
the precipitate more firmly in the capillaries of the jiapei' and there is less 
likelihood of its being wa.shed away. Spots arc dried best and most (piickly 
by a blast of warm air. This localizes tlie material tliat has remained in 
solution and undergone capillary diffusion; tlie accumulation will be great- 
est on the side of the paper toward the blast. This is an advantage if 
further tests by later spot reactions are to be made on the filtrate that ha.s 
been separated by capillary action. 

The testing for dissolved materials, tliat liave diffused out of a spot of 
precipitate, should be made by spotting laterally. It is ))est to place a drop 
of the appropriate reagent on the dry jmper beyond tlie j)rimary .spot. The 
reagent will spread uniformly from the point of a))pli(‘aiion, and character- 
Lstic reaction pictures will be produced at the junction of the two sjjots. If 
colored reagents arc used in this manner, even sliglit changes in color arc 
quite apparent. 

Solids, or components of mixtures, can often be t(;stcd directly to deter- 
mine their solubility in dilute acids, alkalies and the like, by spot reactions 
on paper. A small quantity of the pulverized sample is heaped on a strip 
of filter paper and spotted with 1 or 2 drops of the solvent. ITie action Ls 
hastened by warming in a current of heated air. Complete solution is 
obviously established if the sample disappears. Partial .solution can be 
detected by applying suitable reagents near the site of tlie original reaction. 
Direct spotting of solids on paper is not limited to the determination of 
solubility, but can be used also if soluble colored reaction products are 
formed by the action of reagents and then diffused away through the capil- 
laries of the paper. Frequently, characteristic spot reactions can be made 
directly on white paper through this type of filtration. 

The precipitation and filtration following spot reactions on paper may 
not be appli^ to all cases, because strongly acid or alkaline solutions cannot 
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be used, nor is it feasible to subject reaction mixtures to prolonged and 
intensive heating. Neither is it possible, as a rule, to detect and isolate 
small quantities of colorless reaction products on paper. Consequently, 
other means must be employed to separate solid and liquid phases. The 
choice of the method is determined by the particular needs of the moment. 

If considerable quantities of liquid are involved, and if the solid or pre- 
cipitate is of no further interest, a portion of the liquid can be withdrawn 
by a pipette for examination. The fine constricted end of the pipette is 
closed with a wad of cotton drawn out to a point. If the suspension is 
sucked into the pipette, the liquid that arrives in the tube will be free of 
precipitate. The pipettf will deliver a perfectly clear liquid if the tip is 
carefully washed after removing the cotton. 



Fig. 34. Filtering pipette 
(actual size) 



D 


A useful filter pipette is shown in Fig. 34. It is constructed of glass 
tubing (6 mm. diameter). A rubber bulb is attached to the short arm A; 
the arm B is ground flat; the arm C is drawn out to a fine capillary. A 
short piece of rubber tubing is fitted over the top of B. A disk of filter 
paper of the same diameter as the outside diameter of the tube is cut from 
a sheet of filter paper by a sharp cork borer or hand punch, and is placed on 
the flat ground surface of B. The tube F is placed on the paper, which is 
held in position by sliding the rubber tubing over it just far enough to hold 
it when F is removed. The filter pipette can be used either by placing a 
drop of the solution on the filter disk or by immersing B into the crucible, 
test tube, or other container holding the liquid to be filtered. The bulb is 
squeezed between the thumb and middle finger and the dropper point is 
closed with the index finger; the solution is thus allowed to pass through 
the paper when the bulb is released. The pipette is inverted over the spot 
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plate, etc., in an inclined position wdth the bulb uppermost when it is do- 
sired to discharge drops of the filtered liquid. The liquid in the tip is 
forced onto the spot plate, etc., by manipulating the bulb. The precipitate 
on the paper can be removed for any further treatment by simply sliding 
the rubber tubing D over the arm B. 

Another method of filtration employs an Emich filter stick, fitted into a 
hea^’y-wall suction tube by means of a rubber stopi}cr. The suction tube 
contains a micro-test tube to receive the filtrate (Fig. 35). Tlie filter stick 
contains a small asbestos pad. 



MJ/ 


Fig. 35. Set-up for microfiltration, using filter stick and suction 
(actual size) 


Often filtration is not the best method of separating solid and liquid 
piiases. Sedimentation of insoluble materials by centrifuging is sometimes 
preferable. In addition to greater speed, this procedure has the following 
advantages: no retention of the mother liquor by the filtering medium; the 
precipitate, freed from most of its moisture, is compressed into a small 
volume; the structure of the solid phase (crystalline or amorphous) has no 
effect on the sharp separation of the phases. The receptacles for centri- 
fuging (centrifuge tubes) can be so chosen for size that the isolation of 
minute quantities of precipitate or of small volumes of filtrate can be 
effectively accomplished. 

A microcentrifuge tube is shown in Fig. 30, together with a glass support. 
This arrangement is useful for heating or evaporating on the water bath. A 



58 


TECHNIC OF SPOT TEST ANALYSIS 


variety of centrifuge tubes with capacities of from 0.5 to 3 ml. should be 
available. » 

Centrifuge tube.s are conveniently supported on a rack consisting of a 
wooden block provided with 6 to 12 holes, evenly spaced and f of an inch 
in diameter, § inch deep. Microcentrifuges are now on the market. Those 
that are driven electrically (1500 to 3000 r.p.m.) are preferable to hand 
operated centrifuges, The centrifuge should be provided with a metal 
shield and cover to protect the operator. Dangerous vibration of the 
instniment is avoided by always loading the carrier equally. This is done 
by counter balancing the tube containing the sample by an opposing tube 
containing an e((ual weight of water or an approximately equal volume of 
the luiuid l)cing centrifuged. The cover of the centrifuge must not be 
lifted until the rotor has come to rest. 



Fig. 36. Microcentrifuge tube and support 
actual size) 

Precipitations arc usually made in conical microcentrifuge tubes. The 
precipitate collects at the bottom of the tube when the suspension is centri- 
fuged. A dropper pipette can be used to remove the supernatant liquid 
from centrifuge tubes of about 2 ml. capacity. The liquid cannot be poured 
off because a large proportion will always remain in the tube. A dropper 
pipette suitable for this operation can be made easily from glass tubing; 
the dimensions are given in Fig. 6. A transfer capillary pipette is con- 
venient for removing the mother liquid or centrifugate, particularly from 
smaller tubes (0.5 to 2 ml. capacity). The pipette is made of glass tubing 
(internal diameter about 2 mm.) which can be drawn from wider tubing. 
The length is 20 to 25 cm. One end is drawn to a tip with a fine opening 
by heating in a microflame. The correct method of transferring the liquid 
to the capillary pipette is made evident by Fig. 37. The centrifuge tube is 
held in the left hand, and the pipette slowly pushed toward the precipitate 
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SO that the point of the capillary always remains just below the surface of 
the liquid. This is continued until almost the entire sojution is in the 
pipette and the tip is about 1 mm. above the precipitate. The liquid is 
drained from the pipette into a clean, dry centrifuge tube. 

Precipitates are washed by adding the wash solution directly to the 
precipitate in the centrifuge tube and stirring thoroughly either with a 
platinum wire or by means of a stirrer (Fig. 13). This is readily constructed 
from a glass rod. The suspension is then centrifuged and the clarified 
liquid removed with the aid of a pipette as just described. This operation 
may have to be repeated two or three times to insure complete washing. 


Fig. 37. Removing supernatant liquid from a centrifuge tube by means of a 
transfer capillary pipette 
(actual she) 




Fig, 38. Device for withdrawing liquid from a centrifuge tube by suction 
(i actual size) 

Centrifuge tubes are cleaned with a feather or a small test tube brush. 
They are filled then with distilled water and emptied by suction using the 
device shown in Fig. 38. iVfter the suction has been started and the liquid 
drawn out, the tube is filled several times with distilled water without re- 
moving the suction device between emptyings. Dropper pipettes are 
cleaned by repeated fillings with water; the bulb and tube are finally sepa- 
rated and both rinsed with distilled water from a wash bottle. Transfer 
capillary pipettes are cleaned by blowing a stream of water from a wash 
bottle through them. 
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Small quantities of a precipitate can be collected by centrifuging in a 
raicrocentrifuge^tube, and thus made more visible and accessible to further 
treatment. This method of separating solid and liquid phases can therefore 
be substituted for filtration in many instances. If the problem is merely 
the detection of the formation of minimal quantities of precipitate, that can 
produce not more than a slight opalescence if the precipitate is colorless, it 
is frequently necessary to centrifuge for considerable periods to accomplish 
the separation of the colloidally dispersed solid phase. In such instances, 
a separation can often be accomplished quickly by shaking the suspension 
with an organic liquid that is not miscible with water. The surface tension 
is altered and the fine particles of the solid aggregate and collect as a thin 
film in the water-organic interface (see p. 98). This method is recom- 
mended particularly when it is necessary to detect the formation of a 
precipitate in a considerable volume of solution after a reagent has been 
added, or in a reagent solution following the addition of one drop of a test 
solution. The aggregation and localization by extraction or shaking out 
succeeds best in neutral and acid solutions. This treatment with an 
organic solvent is conveniently done in macro- or micro-test tubes provided 
with glass stoppers. 


10. Other Special Aids 

The actual detection reactions used in spot tests are carried out as a rule 
with drops of solutions. If the specimen is solid, the solvent should be 
chosen judiciously and the slightest possible excess used. This holds par- 
ticularly for solvents which function by chemical action. Sometimes 
metals, alloys, and ores may be put into solution without resorting to a 
chemical solvent. An anodic solution is used instead and the anodically 
dissolved metal is allowed to react directly on a suitable reagent paper. 
This is known as the electrographic method. The principle of this proce- 
dure is that the test substance is used as anode with aluminum foil as 
cathode; filter paper moistened with the reagent is placed between these 
poles. The reagent paper is not in direct contact with the aluminum foil 
but is placed on a second filter paper moistened with potassium chloride 
or sulfate. The electrolyte facilitates the passage of the current. "When 
the circuit is closed, the metal dissolves at the anode, and the solution reacts 
directly with the reagent in the paper, where it forms a typical colored 
stain. 

A simple apparatus for such electrographic tests is shown in Fig. 39. It 
consists of an aluminum plate as the negative pole (Al) on which is laid 
first a layer of filter paper moistened with potassium chloride solution and 
then the reagent paper (P) moistened with water or acid. A copper plate 
with a copper rod soldered to it serves as the positive pole; an iron nail or 
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wire leads in the current. The test substance is placed between the poles 
or the portion to be used as cathode is given a flat surface! The current is 
furnished by a flashlight battery. 

Alloys or minerals showing no appreciable resistance to the passage of 
the current may be tested with this apparatus for anodically deposited 
metals. Sections of metallic specimens may be tested for the location of 
constituents without damaging the sample, since the electrical method 
has the advantage that no acid reagents are required in the anodic solution 
of metals. 

In addition to the mechanical aids already described for spot reactions, 
several other special devices and appliances for preliminary operations 



Fig. 39. Set-up for electrographic tests 
(i actual size) 

should be available in the laboratory devoted to spot analysis. The most 
important of these are: 

1. Centrifuge: For separating large quantities of precipitate. 

2. Microcentrifuge: For collecting precipitates in microcentrifuge tubes 

and capillaries. 

3. Distillation apparatus: The ordinary macrodistillation apparatus is 

usually suitable when testing residues in organic solutions. 
Microdistillation apparatus should be used for working up small 
volumes of liquids. 

4. Extraction apparatus: A microextraction apparatus should be pro- 

vided, in addition to the usual Soxhlet apparatus, for the extrac- 
tion of solid materials with organic solvents. 
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5. Sublimatiqn apparatus: A micromhlimation apparatus and tem- 
perature indicator is suitable for testing the purity of organic 
preparations. 

G. Mdtirig point apparatus: For testing the purity (melting point) of 
organic preparations. 

7. Hot air apparatus: For drying impregnated filter paper and for 

heating flecks on one side of the paper. 

8. Electric muffle {ignition) Jumac^ 

with Umiperature regulator: I For drying and ignition of 
Electric hot plates: f precipitates and specimens. 

0. Portable drying ovtm: J 

10. Analytical quartz lamp: For detecting fluorescent reaction products; 

observation of photochemical reactions; comparison of samples. 

11. Microscope: For identification of crystalline precipitates. 

12. Magnifying glasses: For closer examination of spot tests on paper. 

13. Analytical balance: For quantitative macrodeterminations. 

14. Microhalance: For weighing quantities less than one milligram. 

15. Rough balance: For approximate weighing of preparations, etc., 

before using the analytical macrobalance. 

10. pU meter, 

17. Portable electrolysis apparatus: For electrolytic deposition of metals. 

18. Colonmeler: For colorimetric determination of dissolved colored 

materials. 

19. Stop watch. 
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SURFACE AND CAPILLARY EFFECTS 
IN SPOT REACTIONS 

The interfacial (surface) tension residing at the boundary of two phases 
may lead to a local accumulation of soluble and insoluble compounds. 
Materials which are to be identified subsequently, as well as the products 
of chemical reactions, are subject to this localization. Both cases are im- 
portant in spot test analysis because a localized accumulation of char- 
acteristic reaction products always enhances visibility. This leads to an 
increase in the sensitivity and, if the accumulation is in addition selective, 
the test is more decisive. 

There are various ways of obtaining localized accumulations of mate- 
rials in spot test analysis. The most common method is to adsorb the 
material to be detected or a reaction product in definite zones in the capil- 
laries of filter paper. Such local segregation frequently occurs automat- 
ically as a result of capillaiy action when spot reactions are made on paper. 
Another method is to extract a test solution, after adding a reagent if 
necessary, with small volumes of an organic solvent. Solution of a char- 
acteristic compound in the organic solvent may then occur or, if a com- 
pound insoluble in both media is formed, it will gather in the water-organic 
liquid interface. Finally, the materials being sought may be adsorbed 
from a dilute solution on an indifferent carrier, or they may be coprocip- 
itated with it. The carrier can then be isolated and a sjiecial reaction used 
to test for the adsorbate. 

The great reactivity exhibited by finely divided materials, in comparison 
with their activity in compact particles, is a surface effect of great impor- 
tance. It is used frequently in spot test analysis. This effect is so great 
that sometimes slightly soluble compounds, when highly dispersed in the 
capillaries of paper, undergo similar reactions at practically the same rate 
as soluble reagents. This has the further advantage that the reaction 
products remain fixed at the spot where they are formed or they may 
produce characteristic zones. Spot test analysis makes extensive use of 
solid reagents, which for many reasons cannot be employed directly in 
macroanalysis. Papers impregnated with water-insoluble reagents can be 
included in this category. 

If a precipitate is formed by bringing a drop of a solution onto paper 
impregnated with an insoluble salt, and if the reagent in the spot is not 
consumed entirely, the reagents will be covered superficially with the 
reaction product. This coating may be sufficient to protect the underlying 
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reagent from certain reactions. Sometimes such protective coatings are 
formed by very small amounts of materials which, of themselves, cannot 
1)0 detected. This “protective coating effect” (see p. 85) can be put to 
use only in spot test analysis. 

The activity due to the development of an extensive surface is r^pon- 
sible for the fact that sometimes reactions which are too slow or give no 
useful results if compact particles of the specimen are used can none the 
less bo utilized for analytical purposes if they are carried out as spot tests 
on reagent pajxjrs. Reactions on reagent papers, as well as those occurring 
when drops of the test solution and reagent are brought together on un- 
treated paper, sometiijies directly involve the filter paper because of its 
adsorptive action. Consequently, many tests can be carried out with 
satisfactory sensitivity only as spot reactions on paper. In such cases 
it is justifiable to consider the paper as an active participant in the reaction. 

The study and exploration of chemical changes taking place on solid 
surfaces or at other favorable parts of a reaction scene is the province of 
“topochemistry.” Spot test analysis often deliberately makes use of topo- 
chemical reactions in order to increase the sensitivity and certainty of 
te.st.s. The most typical of these applications of topochemical reactions 
are the use of papers impregnated with insoluble reagents, the direct testing 
of solid specimens with a solution of more suitable, more sensitive, and 
more specific reagents, and reactions with materials adsorbed in the capil- 
laries of paper. 

Finally, a characteristic surface effect is encountered in one of the most 
fundamental procedures of spot test analysis, namely the delivery of a 
drop of a liquid from a glass rod or a pipette. Surface tension causes a 
given volume of liquid to assume the geometrical form exposing the mini- 
mum surface, hence the formation of drops. This surface tension, as well 
as the velocity with which drops flow from capillary tubes (pipettes), 
depends, at constant temperature of the solvent, on the quantity and nature 
of the solutes. In the case of aqueous solutions, the size of the drops, with- 
in a wide range, is practically independent of the concentration. The 
findings arc quite different with solutions in organic solvents. Even very 
minute (piantities of dissolved materials frequently change the drop size 
and tliereby radically alter the rate of outflow. 

A. Determination of the Drop Size of Liquids by Measurement of 
THE Wetted Surfaces 

Preparation of Iodine Pictures. The common characteristic of most 
spot reactions is the use of a single drop of the particular test solution. 
Consequently, a knowledge of the drop size is essential to the measurement 
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of the sensitivity of tests and is also fundamental in determinations based 
on spot colorimetry (Chapter IX). 

The exact measurement of the drop size (volume of one drop) of solu- 
tions and liquids is made by counting the drops obtained when a given 
volume (usually one milliliter) is allowed to flow slowly from a micro- 
burette. A simple procedure, quite satisfactory for most purposes, that 
can be used for aqueous and organic solutions as well as for those containing 
a mixture of solvents, is based on the determination of the area wetted by 
the complete capillary spreading of a drop of liquid placed on filter paper. 

A drop of any liquid spreads uniformly in all directions through the 
capillaries of filter paper. A circular spot or fleck informed ; its area is pro- 
portional to the volume of the drop, providing paper of the same nature 
and thickness is used in comparative tosts. Therefore, if a drop of liquid 
of kno^vn volume is placed on paper, and next to it a smaller drop of the 




Fig. 40. Use of a right angle triangle in determining the diameter (area) of a fleck 


same solution, a larger and a smaller circle will be formed (Fig. 40). If R 
is the radius of the spot produced by the drop of the known volume U, and 
r is the radius of the fleck formed by the drop of unknown volume y, then 

R'r:rW - V:v, 

:r* = V:v, 


It is easy to calculate v after measuring R and r, since v 


V and V is 


known. 

The radii, {R, r), of the spots being compared can be determined while 
the flecks remain moist, by means of the different translucence of the wet 
and dry paper. It is possible to make much more accurate measurements 
if the “iodine pictures” of the flecks are developed. The spots produced 
by aqueous solutions are allowed to dry in the air until there is no apparent 
difference, either in translucence or to the touch. The paper is then held 
above iodine vapor for about 30 seconds. A distinct blue will develop 
only in those areas that had been wetted by the drops of liquid. The iodine 
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volatilizes and the iodine picture will disappear on standing, but it can be 
regeneratefl b^ renewed exposure to iodine vapor. 

Iodine pictures of non-aqueous liquids such as alcohol, acetone and even 
(juibi volatile solvents such as ether and carbon disulfide, can be produced 
by a somewhat different procedure. A minute quantity of iodine is dis- 
solved in the liquid, a drop placed on filter paper and the solvent evap- 
orated, in a current of warm air if necessar}^ Almost all the iodine is 
volatilized. If the dried paper is placed in water the spotted surfaces will 
exliibit a blue iodine picture, whose extent reveals the area over which the 
volatile solvent had spread. 

I'ho development of the iodine picture can be explained as follows: If 
a drop of water, or a water solution, is placed on filter paper and then 
allowed to dry in the air, the water is not completely removed from the 
wetted area. This can only bo accomplished by long continued drying in 
warm air. The re.sidual water, however, in conjunction with iodine vapor 
brings about a very slight oxidation of the cellulose of the paper. Iodide 
ions are produced and suffice to form blue starch-iodine with the free iodine 
and tfie starch that is present in practically all filter paper. Consequently, 
starch -iodine forms only in the wetted areas and so the size of the fleck will 
1)0 disclosed even after the paper has “dried.” 

An analogous process occurs with organic solvents. These always con- 
tain traces of water which lead to a minute formation of iodide. If starch 
is present, the iodide, by forming polyiodide, retains traces of free iodine, 
even after warming. Consequently, the conditions for forming iodine- 
starch are also present in this case and the blue becomes clearly visible 
when the flock is subseciuently moistened with water. 

In this connection it should be noted that dilute potassium iodide-iodine 
solutions containing starch arc heat-stable in contrast to solutions of equal 
concentration that contain no starch. The blue fades on warming but 
reappears when the solution is cooled. Use is made of this fact in the 
production of iodine piotures of organic solutions. The flecks produced 
by volatile organic solvents cannot be measured unless the iodine picture 
is developed. The liquid evaporates far too rapidly to enable the operator 
to observe the greater translucence of the wetted areas. 

Experiments 

1 . Single drops of water are placed ncxi; to each other on a strip of filter 
paper by means of a thick glass rod, a pipette, and a glass thread, respec- 
tively. Immediately after the drops have soaked in, the still moist bound- 
aries of the spots are outlined with a lead pencil and the spots allowed to 
dry in the air. It is well to place the strips across a small beaker so that 
only the unmoistened portions touch the edges. The dried paper is placed 
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on an open, \dde>mouth, low-form weighing bottle containing a layer of 
iodine crystals. After a short time, the iodine picturesiof the drops of 
liquid, which are different in size, develop. It will be observed that the 
boundaries delineated in pencil do not coincide with those of the iodine pic- 
tures, but lie within them. This is particularly true of large drops. The 
iodine picture reveals the true extent of the capillary spreading, whereas the 
pencilled limits do not show the migration that slowly continues after the 
drop has been absorbed. 

2. Several small particles of iodine are dissolved in ether, carbon bisulfide 
or some other volatile organic liquid. A drop of each of the solutions is 
placed on filter paper, the solvent allow'ed to evaporate, and the spot is then 
warmed for about 30 seconds in a blast of heated iir to vaporize the excess 
iodine. The paper is then immersed in water, immediately removed, and 
the formation of the blue iodine pictures observed. These indicate quite 
closely the area of the flecks. 

3. One milliliter of water or any desired salt solution is delivered drop- 
wise from a micro-burette (capacity 1 to 2 ml). The number of drops, n, is 

counted. The volume, v, of one drop, consequently is i ml The burette 

is refilled and 3 drops are discharged on filter paper, taking care that the 
adjacent spots do not run into each other. After the water has soaked in, 
the paper is dried as described in Experiment 1, and the iodine pictures are 
developed by the procedure given there. The area of a fleck is measured 
by placing the sides of a right angle wooden triangle as closely as po.ssible 
on the edges of the spot and drawing, with a pencil, the tangents and also 
the 45° diagonal. In this way, points 1 and 2 (Fig. 40) are obtained, and 
consequently the diameter (2 R) of the fleck. An estimate of the accuracy 
of the measurement is obtained by determining the area of the three spots 
produced under parallel conditions. The average of the three trials is 
taken as the value for R. The experiment is repeated with another series 
of smaller or larger drops, whose volume is to be determined. The value of 
V is obtained by means of the expression: 


4. A drop of water and a drop of iodine dissolved in organic liquids are 
placed on different varieties of filter paper by means of microburettes. 
The spots are dried, the iodine pictures developed by the foregoing pro- 
cedure, and the wetted areas measured. The diameters of the flecks give a 
good idea, and a basis for the comparison of the relative absorbing powers 
of the papers and also furnish information as to the uniformity of single 
varieties of paper. 
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surWck and capillary effects in spot reactions 

Permanent preparations of the iodine pictures of water drops can be made 
by marking thd bounds of the iodine pictures with a pencil and then 
storing the papers in well-fitting Petri dishes. The iodine pictures fade 
almost completely on standing, but can be renewed at any time by re- 
exposure to iodine vapor. The limits of the restored pictures will agree 
with the bounds marked in pencil. 

B. Capillary Spreading or Water and Dissolved 
Materials on Filter Paper 

Purest washed filter paper consists of practically pure cellulose; the 
content of inorganic materials is extremely low. It owes its purity (see p. 
37) to an extensive bleacliing process, to repeated treatment with hydro- 
fluoric acid and other chemicals, and to careful washing. In contrast to 
smooth paper, it is unsized, and since it consists of a complicated system of 
capillaries pressed into each other, it has a great ability to absorb liquids. 

If the end of a strip of filter paper is put into a liquid, or if a drop is placed 
on filter paper, the liquid rises because of the suction action of the capil- 
laries, or spreads out uniformly from all sides of the spot. The capillary 
spreading of the drop of liquid placed on paper is particularly important 
for purposes of spot test analysis because all sorts of chemical reactions 
can occur in this wetted area. When a drop of liquid is placed on dry 
paper, it forms a mound and this disappears gradually as the liquid spreads 
out into the interior as well as toward all sides. The typical phases of this 
spreading are shown schematically in cross section in Fig. 41. The rate 
and extent of the spreading of liquids that evaporate slowly depend on the 
imbibing power and the thickness of the paper. 

The completion of the capillary spreading leads (as shown in Fig. 41) 
to a local wetting of the paper in the form of a cylinder whose height is 
determined by the thickness of the paper. The wetted portion is only 
approximately cylindrical. A perfect cylinder does not result because the 
porous filter paper is not completely homogeneous; furthermore, the com- 
pression of the paper is not uniform in all directions. In particular, paper 
that has been passed through rolls contains more fibers pointing lengthwise. 
As a consequence the fleck is not perfectly circular but elliptical, and its 
outline is jagged. 

When a paper is wetted by a drop of solution, solvent as well as solute 
is retained by adsorption in the capillaries of the paper, each to a different 
degree. So far as the solvent, water for example, is concerned, it is retained 
in the highest proportion in the center of the spot, and from there its ratio 
decreases in the direction of the capillary migration (Experiment 1). 

From aqueous solutions, which the analyst encounters almost exclusively, 
the solutes, as a rule, are adsorbed more strongly by the capillaries of the 
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Fig. 41. Typical phases of the absorption and spreading of a drop of liquid 
applied to filter paper 

paper than is the water, that is, to a higher per cent fraction of the effective 
quantity. Accordingly, if a drop of salt solution is placed on paper, a par- 
tial segregation ensues, or more correctly, a change in concentration within 
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the field of the spot. In the interior of the spot, the dissolved material 
remains behind along with part of the water, and forms a circle, surrounded 
by a ring of pure water. It should be noted that the distribution within the 
central area is not uniform. There may be a constant decrease in concen- 
tration from the center to the edge, or an accumulation along the outside 
of the inner circle, forming a ring whose width varies from case to case. 
A ring is formed only if very dilute solutions are involved, and results from 
the fact that at first water alone is extracted from such solutions by the 
paper. The solution which is spreading by capillary action is thus concen- 
trated . Not until a definite threshold value of the concentration is reached 
is the solute adsorbed to a marked degree along with the water, which is 
continuously retained. *Con,sequently, the inner side of the ring marks the 
Ix^ginning, and the outer side, the ending of the adsorption of the dissolved 
material. Simultaneous adsorption of water and .solute can occur at the 
point of application of the drop if the solution is a concentrated one. In 
this case only a central adsorption circle can develop and always with a 
steady impoverishment from the center toward the outside. In isolated 
cases, depending on the nature and concentration of the dissolved material, 
the adsorption on paper may occur in two circular zones, separated by a 
water ring. This double ring formation is due to the sequence of events : 
the bulk of the solute is adsorbed in the first ring and its concentration is 
thus so greatly decreased that only water is adsorbed in the contiguous 
circular zone. Tlie spreading solution again becomes more concentrated 
and finally reaches the point at which the dissolved material is again ad- 
8orl)cd, forming the second zone. 

Different types of capillary pictures can thus be produced when drops of 
a solution are placed on filter paper. Their form and extent are significant 
for spot reactions. In considering the formation of such capillary pictures 
it should be remembered that the capillary spreading and adsorption of a 
dissolved material, like that of the solvent, occurs not only along the surface 
of the paper but also in its interior. Fig. 42 gives the appearance, in cross 
section, of the capillary picture (fleck) for thin paper and modern adsorp- 
tion of the solute. The aspect of the capillary picture will be altered in 
characteristic fashion by thick paper, strong adsorption, and small drop 
size. It happens sometimes that the zone of adsorptive localization of the 
dissolved materials does not penetrate the entire thickness of the paper. 
This is shown in Fig. 43. 

A general representation of typical adsorption pictures is given in Figs. 
42 and 43, The extent of the adsorption and consequently the actual 
relative magnitudes of the central adsorption area and of the water ring, 
that is always formed, as well as the adsorption into the interior, depend 
on the size of the drop, the nature of the dissolved material, its concentra- 
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tion, the presence of other materialB, the kind of paper, and the tempera^ 
ture. Consequently, wide variations may be expected, tn the case of 
well adsorbed compounds, the central adsorption flock is small with respect 
to both extent of surface and penetration, and the water ring is large. This 
effect, which constitutes a capillary separation, is more evident with dilute 
solutions than with more concentrated ones. It can be observed directly if 
colored solutes are involved, and with colorless compounds it can be made 
manifest by the employment of suitable reagents (see Experiments 2, 3). 




Fig. 42. Capillary picture of a slightly adsorbed material on thin filter paper 
1 = water ring 2 = adsorption zone 



Fig, 43. Capillary picture of a highly adsorbed material on thick filter paper 
1 = water ring 2 = adsorption zone 

The outline and cross sections of adsorption pictures given in Figs. 42 
and 43 show- that most of an adsorbed material remains in a central zone 
of the fleck. Accordingly, any reagent used subsequently in a .spot reaction 
must be placed in this zone. The chemical reactions occur there, and the 
capillary pictures given in these figures are essentially those of the flecks 
that remain after carrying out spot reactions. These cross sections of 
capillary pictures show that thin or thick filter paper cannot be used indis- 
criminately for spot reactions, because the capillary migration in all direc- 
tions and its related adsorption differ considerably in these two media. 
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If the material Jo be detected or a characteristic adsorption product has a 

high adsorbability, clearer and more typical flecks will be obtained on the 

thicker paper. Thin paper is better, however, for compounds that are not 
well adsorbed, since no significant losses of matenaf are experienced as a 
result of the capillary migration into the interior of the paper. In spot 
test analysis the proper choice of filter paper plays an especially important 
r61e in the search for extremely small quantities of materials, because under 
such conditions due regard must be given to all the factors tliat may raise 
or low'or the sensitivity of the test. As a general rule, the most suitable 
type of paper for the spot detection of minimal quantities of material must 
be determined by trial* 

The capillary picture of a drop of methylene blue or silver (thallium, 
lead) salt solution sho\vs the adsorption of the dye stuff ion or of the metal 
ion (Kxperiments 2, 3). Salt molecules are never adsorbed from dilute 
solutions but only certain ions. Complex compounds or their ions can 
also i)c adsorbed on paper. Experiment 4 shows the different capillary 
pictures and, in part, also the different stability of the complex ions 
HgS 2 “ ", Si)S 3 , and Ni(CN) 4 “ ", when drops of solutions of the respec- 

tive alkali salts are brought onto filter paper. 

Special attention should be given to the behavior of filter paper to^vard 
aciucous colloidal suspensions (hydrosols). These owe their stability to an 
electrical cliarge residing on the dispersed particles, which are themselves 
tiny bits of solid. The charge is due to the adsorption of ions. Ilemoval 
of the charge leads to aggregation of the part, ides and the formation of a 
precipitate. Filter paper is charged negatively when it is suspended in 
water. Consequently, if colloidal solutions rise or spread in paper, phe- 
nomena are observed that are connected with the sign of the charge of the 
sol. For instance, if a drop of a colored hydrosol is placed on filter paper, 
it diffuses at first in the capillaries of the paper. Sols with negatively 
charged particles (metal or sulfide sols, etc.) spread, and no separation of 
the dispersion medium and the disperse phase is observed. Positively 
charged hydrosols (many oxide sols, for instance) behave quite differently. 
The colorless dispersion medium (water) travels ahead, while the disperse 
phase, after slight spreading, remains fixed, forms a sharp boundary, be- 
comes localized, and finally coagulates. The reason for the contrasting 
behavior of negative and positive sols is that negatively charged colloidal 
particles pass undisturbed through the paper capillaries ^vhich carry a like 
clmrgc, whereas positively charged particles are coagulated and then clog 
the capillaries. Experiments 5 and 6 demonstrate the contrasting behavior 
wlicn drops of several colloidal solutions are placed on filter paper. 

In general, spot reactions seldom deal directly with colloidal solutions. 
Nevertheless, the behavior of such systems, is worth careful consideration 
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here because precipitation reactions invariably involve the colloidal condi- 
tion as a phase of more or less stability that must be traversed. If the 
stoichiometric equation of a precipitation reaction is A+ -f = AB^ in 
which sud AJi arc the reacting ions and mso/u6fe proctuct, tespec- 

tively, it presents only the fate of the ionic species to the point of their 
union to produce the soluble individual molecule. It tells nothing about 
the subsequent aggregation of the soluble AB molecules into a visible 
phase (solid, amorphous, or crystalline). Since the transformation of the 
primary' individual molecules, through intermediate polymerized forms up 
to the visible separation of a precipitate, always passes through the col- 
loidal state of dispersion, precipitations carried ^ut as spot reactions on 
paper always include the possibility of a direct intervention by the paper. 
Through neutralization of the charge and adsorption, the paper may bring 
about an aggregation of the colloidal particles and cause local precipitation 
of insoluble compounds in its capillaries. At the same time, the disper- 
sion medium or solvent will continue to spread and carry along the dis- 
solved materials. Thus slight quantities of colored solutes will be made 
more visible on the white surface of the paper. For this reason, when 
dealing with dilute solvitions under circumstances in which there is par- 
ticular danger that precipitates will remain colloidally dis])ersed, it is often 
better to carry out the reaction on paper, where the results will be more dis- 
tinct, rather than with drops on non-porous media, or oven in a test tube, 
where larger volumes can be used. The same improvement in visibility 
will also be experienced with color reactions if a colored soluble reaction 
product is adsorbed in distinct zones on paper. 

The supplementary diffusion processes, as well as the absorbability of 
the reactants and the products, play a role when reactions arc made by 
successively bringing a drop of the test solution and the reagent onto i)apcr. 
Diffusion is the voluntary uniform distribution of dissolved materials 
when diluted. It is a consequence of molecular movement (osmotic pres- 
sure). Different substances have different diffusion velocities. Diffusion 
also occurs when a drop of a dilute solution is placed on paper and spotted 
directly with a drop of water or a drop of an aqueous reagent. Any soluble 
and reversibly adsorbed materials will be carried along by the water in the 
capillaries of the paper. The primary fleck spreads, the dissolved mate- 
rials are distributed over a greater surface, and the result is equivalent to a 
dilution. 

The diffusion process is somewhat different if the primary fleck of a salt 
solution is allowed to diy', or if a drop of water is placed on dry paper that 
had been impregnated with a water-soluble compound. Solution and 
diffusion will then cause a dilution in the center of the fleck. The dis- 
solved material migrates farther, on the way it loses water by absorption, 



74 


sAface and capillary effects in spot reactions 


and a local ac|^umu1ation of material produces a ring at the edge of the 
fleck. Ah stated before, the diffusion velocity of materials differs from case 
to case . Con.scquently , with compounds that are not adsorbed by paper, or 
are adsorbed reversibly, the diffusion determines the extent of the capillary 
migration and 8prea<iing. 

The capillary' migration of water and dissolved materials in paper is 
commonly called “diffusion” ; the rate of travel, the “diffusion rate.” These 
terms arc fundamentally incorrect, since the physical definition refers to 
diffusion solely as the penetration of like phases into each other, that is, of 
licpiids into lif[uid8, of gases into gases. Accordingly, diffusion, in the 
strict sense, occurs onlj'in the area of the moistened portion of a fleck when 
watiT or an aqueous solution is brought into contact with it. The primary 
spreading of liquids through dry paper is not really diffusion. Neverthe- 
less, the diffusion velocity of dissolved materials has a real significance in 
the development of capillary pictures. It is a general rule that the extent 
of capillary migration or the velocity of capillary migration parallels the 
(liffusion velocity in solutions. Consequently, the diffusibility of a mate- 
rial, along with its adsorbability, determines the extent of its capillary 
migration and spreading on filter paper. 

Experiments 

1 . A drop of a solution of iodine in ether or carbon disulfide is placed on 
filter paper. The solvent evaporates, leaving a b^o^vn stain of iodine. 
The evaporation is not uniform but proceeds from the edge of the fleck 
toward the middle. The deposit of the iodine shows that the solvent evap- 
orates most rapidly at the edges of the fleck where there is most free surface. 
Furthermore the solvent is not distributed uniformly throughout the fleck; 
its proportion increases from the center toward the outside. Aqueous 
solutions yield the same type of evaporation pictures, but since water 
evaporates more slowly the phenomenon cannot be observed at once, but 
only after some time. 

2. Single drops of 0.01 per cent solution of methylene blue are placed on 
thin and thick filter paper. In both instances, because of the adsorption 
of the dye, blue central circles surrounded by colorless water rings are ob- 
tained. The dye adsorption extends over a far greater area on the thin 
paper. The intensity of the colored fleck is almost equal on both sides 
of the thin paper, whereas, on thick paper, the color wiU be found solely 
on the side that is moistened, and water alone reaches the under side. The 
experiment should be repeated with more dilute methylene blue solutions 
and the corresponding formation of rings obsen^ed. These experiments 
demonstrate the effect of the kmd and thickness of paper, and of dilution, 
on the aspect of the capillary pictures of well-adsorbed materials. 
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3. Single drops of 0.007 per cent AgNOj solution and bf 0.01 per cent 
thallium carbonate solution are placed on thick absorbent paper. After 
the liquid has been absorbed, the spots, while still moist, arc fumed with 
hydrogen sulfide. Black circular flecks of Ag 2 S and TI 2 S, respectively, are 
formed, surrounded by colorless water rings. The experiment should be 
repeated with more dilute salt solutions, and the increased width of the 
water rings noted. Iodine vapor can be substituted for hydrogen sulfide 
in developing the flecks. It will suffice to hold the moistened surfaces 
over a weighing bottle containing iodine. In the latter case, the water 
rings will become blue, w hile tlie zones in wiiich the Ag+ and T1+ ions have 
been adsorbed remain colorless, because of the fotmation of Agl and Til, 
respectively. These experiments demonstrate the central adsorption of 
Ag'^ andTl+ ions from aqueous solutions, and also the influence of concen- 
tration on the relative size of the adsorption circles and water rings. 

4. Solutions of K 2 HgS 2 , Na 3 SbS 4 , and K 2 Ni(CN )4 are required for thi.s 
set of experiments. The mercury solution is prepare<J by adding a solu- 
tion of KgS, drop by drop, to a solution (0.7 per cent) of HgCb until the 
HgS, that appears at first, is dissolved. The antimony solution is a water 
solution (0.8 per cent) of Schlippe's salt (Na3SbS4-9H20). The nickel 
solution is obtained by adding KCN drop by drop to a solution (1 per cent) 
of NiS 04 until the original precipitate of Ni(CN )2 has dissolved. The 
resulting solution of K 2 Ni{CN )4 is treated wdth a few drops of alcoholic 
dimethylgly oxime solution and any precipitate removed by filtering. Sin- 
gle drops of each of these solutions are placed on a spot plate and on filter 
paper (S. and S. 589 Black Band). The solutions on the spot plate remain 
unchanged, especially if rapid evaporation is prevented by covering the 
depressions of the spot plate with watch glasses. In contrast the flecks 
on the paper exhibit the following Ixihavior: 

K 2 HgS 2 : almost immediate formation of a black ring of HgS surround- 
ing a colorless central circle. 

Na 3 SbS 4 : a uniform deposition of Sb^S6 begins after a few minute.s over 
the wdiole area of the fleck and become.s continuously more intense. 

K 2 Ni(CN) 4 : after several minutes a small pink band l^egins to form 
at the extreme edge of the fleck ; proceeding from this a pink colora- 
tion gradually develops tow'ard the interior; only after several hours, 
is the wffiole fleck bright red. 

The diverse behavior of the three complex salt solutions on paper can be 
explained as folIow^s: When a solution of K 2 HgS 2 is brought onto paper, 
the compound decomposes 

KjHgS, - KjS -b HgS 

because of the strong adsorption of in the center of the fleck. The 
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presence of K Athere can be established by spot testing with a solution of 
CdCl 2 ; yellow CdS is formed. 

If a drop of a dilute solution of NajSbSi is placed on paper no capillary 
separation into Na 2 S and Sb 2 S 6 occurs, but the Schlippe’s salt, being finely 
divided, undergoes oxidation (of the XajS), and then Sb 2 Ss mixed with 
oxysulfide deposits. 

The great stability of the Ni(CN)<" ~ ion is responsible for the fact that 
the complex-forming cyanide ions of the solution oxidize ^vith 

extreme slowness when exposed to the air. The Ni(CN )2 produced reacts 
with the dimethylglyoxime present and forms red nickel dimethylglyoxime. 

5. Two test tubes are ^charged with 10 ml. of 0.001 percent lead acetate 
solution. One sample is treated with hydrogen sulfide water, the other 
with an equal volume of colorless ammonium sulfide solution. A brown 
colloidal suspension of lead sulfide will be obtained in both. A drop of the 
colloidal dispersion is transferred from each of the test tubes to thick filter 
paper (S and S. 001). It will be observed that the alkaline sol coagulates 
in the center of tlie fleck and forms a brown-black circle (PbS) surrounded 
by a colorless water ring. No adsorptive accumulation of PbS will be 
observed with the acid sol; the entire fleck is imiformly wetted with the sol, 
and no color will be seen Ix'cause of the high dilution. The experiments 
show that the alkaline sulfide sol, because of its positive charge, is coagu- 
lated by the negatively charged paper, whereas the acid (negatively 
charged) sol passes unchanged along the capillaries of the paper. The 
coagulation renders the minute quantity of lead sulfide contained in one 
drop of the alkaline sol easily visible, while the same quantity of lead sulfide 
in the acid sol cannot bo seen because it is distributed over the entire fleck. 

6. Single drops of new' and of used mineral oil are placed on thin paper. 
The oil slowly seeps away through the capillaries of the paper. A per- 
fectly homogeneous grease spot is left in the first case, wlxile the used oil, 
which is a colloidal suspension of carbon particles, deposits the impurity 
in the center of the fleck. These experiments, which can be utilized also 
for differentiating between new (clean) and used (dirty) lubricating oil, 
show that the phases of non-aqueous sols can likewse be separated by 
capillary action of the paper. 

7. A drop of 0.01 per cent eosin solution is placed on filter paper. After 
it has soaked in, a drop of w^ater is brought on the center of the fleck. The 
casin is driven outward through the capillaries of the paper, leaving behind 
a more dilute and therefore lighter area in the center of the spot. This 
experiment shows that subsequent spotting with water can cause the de- 
sorption of loosely adsorbed materials which are then carried away by 
capillary migration. 

8 . A drop of 0.1 per cent aqueous methylene blue solution is placed on 
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filter paper, allowed to soak in, and then treated with a dv(h of water. In 
contrast to experiment 7, the fleck remains unchanged. This experiment 
shows that strongly adsorbed materials cannot be made to move on by the 
addition of water. 

Kx'periments 7 and 8 are extreme cases of the capillary eviction or reten> 
tion of materials adsorbed in the capillaries of paper. The behavior of 
inorganic and organic compounds adsorbed on paper may be like those 
demonstrated above, or they may lie betu'een these extremes. The nature 
of the compound will determine its behavior under the.se conditions. 

C. Chemic.^-l Reactions and Capillary Separations 
ON Filter Paper ’ 

The most important processes leading to the development of the capil- 
lary picture after placing a drop of liquid (water, true and colloidal solu- 
tions) on paper were described in the foregoing section. They are: (1) 
capillary migration of water and the dissolved or sus(Xinded materials along 
the surface and into the interior of the paper; (2) diverse retention by 
adsorption of water and its dissolved or suspended substances; (3) dilution 
and spreading resulting from the diffusion and carrying along of materials 
dispersed or adsorbed in the paper. All these processes are of importance 
if chemical changes are carried out as s[X)t reactions by uniting drops of test 
solution and reagent on paper. It must always be remembered that the 
reactants never remain entirely at the place where they are applied, but 
that displacements ensue because of capillary migration, diffusion, and 
adsorption. This is also true of soluble and insoluble reaction products 
which are formed during the movement of the reactants. A movement of 
insoluble reaction products occurs because they arc subject to capillary 
migration not only in their primary stages of colloidal dispersion, but also 
because even coarsely dispersed particles can be carried along mechanically 
by water that is spreading through capillaries . The result of the movement 
of material, due to the operation of various forces, is easily seen when the 
reaction products are colored; they spread out in the plane of the paper and 
form colored zones of varying intensity. 

Another method of carrying out spot reactions merits particular atten- 
tion. In this, a drop of the test solution is placed on paper impregnated 
with a reagent which is not soluble in water. This circumstance is of great 
advantage as the reagent is not carried away by diffusion. Consequently, 
the spreading drop and the materials dissolved in it encounter adequate 
quantities of the finely divided and therefore active reagent throughout the 
entire area over which the drop spreads. As a rule, more uniformly char- 
acteristic flecks, limited to a smaller area, are obtained in this manner 
rather than if drops of the test solution and reagent are brought together on 
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plain paper. Consequently, whenever possible, and especially when seek- 
ing minimal quantities of materials, preference should be given to the use 
of H'agcnt papers impregnated with insoluble compounds (Experiment 1). 

Stability and the highest possible uniformity of distribution of the re- 
agent should be kept in mind when reagent papers are prepared. How^- 
cvcr, the capillary action of the paper often limits the extent of approaching 
these goal.H. Uniform distribution of a material in paper is best attained 
if the paper is soaked with a solution of the solid, and the solvent then 
allowed to evaporate. The solid remains in and on the capillaries of the 
paper. Compounds which are coarsely crystalline and non-hygroscopic 
produce, as a rule, less stable reagent papers than microcrystalline, amor- 
phous, and hygroscopic compounds. The reason Ls that recrystallization, 
that is, the development of coarser crystals destroys the fine state of sub- 
division, and the solid may then fall off the dried paper more readily. An- 
other factor working against a perfectly uniform distribution of a reagent 
in paper is the fact that when a moist reagent paper is dried, tlie dissolved 
material enters the capillaries along with the evaporating solvent. Con- 
scfiucntly, there is an accumulation on those parts of the paper where the 
evaporation proceeds most rapidly, namely, on the surface and the edges 
of the paper. If, for instance, moist impregnated paper is dried in a blast 
of heated air, the side of the paper turned toward the warm air will contain 
more reagent than the other side {Exixjriment 2). This one-sided accu- 
mulation sometimes is advantageous. However, if a uniform distribution 
is desired, the paper should be allowed to dry .slowly in the air or in a drying 
closet. 

One factor which must always be kept in mind ^vhen preparing reagent 
papers is the stability of the reagent used for the impregnation. Reagent 
papers that will keep well can be prepared only from absolutely stable and 
pure compounds. Any tendency of the reagent, or of the impurities in it, 
to decompose will be greatly enhanced because of the high dispersion in the 
capillaries of the paper. Consequently, the decomposition will proceed 
much more rapidly than w'hon the material is in compact masses, or pul- 
verized, or dissolved. 

It has been pointed out that a dissolved material, distributed in the 
capillaries of paper, is carried toward the scene of the evaporation when the 
solvent is removed, and thus is localized when heat is applied on one side 
only. This effect is not only important in the preparation of reagent 
papers ; it can be utilized to increase the sensitivity of spot reactions. The 
increased sensitivity secured by warming the fleck is easily understood if 
the capillarj" phenomena are reviewed once more. After a drop of the test 
solution is placed on paper a part of any slightly adsorbed material always 
passes from the surface mto the interior of the paper. The reaction occurs 
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on adding a drop of the reagent but, because of the diffus]f>n, a further dis- 
placement and dilution takes place at the same time. This transfer is 
lateral as well as vertical in the paper. Consequently, all of the material 
enters into the reaction, at least to the extent permitted by the law of mass 
action, but only that fraction of the reaction product which is on the surface 
of the paper is clearly visible. If, however, after placing a drop of the test 
solution on the paper, it is heated on the side where the drop was appUeti, 
the evaporation of the solvent leads to an accumulation of the dissolved 
material on this side, and the reagent thus subsequently brought on the 
scene gives a more distinct reaction picture. The consequence is a consid- 
erable increase of sensitivity as compared with that obtained by the same 
procedure, but without warming (Experiments 3 and 4). 

A discussion of the capillary pictures and the consideration of chemical 
reactions on filter paper has thus far taken into account only the behavior 
of solutions containing one solute. If a solution of j«jveral materials is 
involved, as is usually the case in chemical analysis, each species (ionic or 
molecular) behaves, with respect to the capillary picture, practically as 
though it were present alone. (Consequently, adsorbable materials usually 
produce overlapping adsorption zones in the central circle and form a 
common outer water ring. Separate adsorption zones may l>e expected 
only when there are considerable differences not only in the adsorbability 
but also in the concentrations of the co-solutes. Differences in the ad- 
sorbability, which might lead to a sharp ca[) illary separation of co-solutes 
in different zones of a pure filter paj^er, are seldom encountered among 
inorganic materials. Such capillary separations can never be counted on 
when dealing with unknowm mixtures. The conditions are better among 
organic compounds, especially dyes. The components of mixtures of dyes 
can often be detected directly by spotting on filter paper where they form 
zones of different colors. This is an example of “capillary analysis,” that 
is, the formation of typical capillary pictures (Experiment 5). 

The overlapping of adsorption zones, produced by placing a drop of a 
solution of several materials on filter paper, usually makes it impossible or 
unsatisfactory to spot test for materials separated by capillarity even 
though suitable reagents are available. On the other hand, the capillary 
and reaction picture obtained by placing a drop of test solution on paper 
impregnated with certain reagents may be of practical analytical signifi- 
cance. Characteristic changes produced by a localized reaction can often 
be obseiwed in solutions containing one or more solutes (Experiments 6 to 
8) . If the paper contains a reagent which can react with several co-solutes, 
then, in case insoluble products are formed, fractional precipitation occurs. 
The depositions follow in concentric zones, of which the innermost cor- 
responds to the compound with the smallest solubility product. Such 
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fractional prociVitations can be observed directly in only rare mstances if 
carried out in test tubes. Capillary separations sometimes may even be 
utilized analytically by taking advantage of the capillary migration in 
paper and the retention of reaction products. 

The formation and fixing of precipitates in distinct zones of the paper, 
accom[)anied by capillary migration of the liquid phase, is equivalent to a 
precipitation and filtration in the plane of the paper. Accordingly, it is 
sometimes possible to achieve two tests with one drop of a test solution. 
The spot reaction i>roduces a precipitate, and the surrounding zone, cor- 
responding to the filtrate, gives a second precipitate on treatment with a 
second reagent. If the ^filtrate has a characteristic color it can be seen 
directly a.s a colored zone around the precipitate fleck. The filtrate, or the 
materials dissolved in it, can be transported further out by additional drops 
of water; the precipitate fleck is thus subjected to a washing process (Ex- 
periments 0, 10). 

As a rule, the special reagent is used in excess in reactions which are of 
analytical value, A characteristic phenomenon is then encountered if very 
small quantities of materials are to be detected by spot reactions on paper. 
The reaction product is never fixed as a circular spot, but will be found in a 
more or less sharply defined ring zone. The formation of this ring is due to 
two causes. When a drop of a dilute solution is put on paper, water is 
retained in the center of the fleck and the solution, which is travelling 
outward from this region by capillarity, becomes more and more concen- 
trated until the reaction product formed by the reagent becomes visible. 
Furthermore, during precipitations, particles of precipitate, up to a certain 
size, but particularly in colloidal states of dispersion, are carried along by 
the moving liquid. The movement stops only when these finer particles 
agglomerate. This ring formation, which is very typical in tests for small 
quantities of substances, is observed both with soluble and insoluble reac- 
tion products. It occurs when drops of test solution and reagent are 
brought together on plain paper, as well as when a drop of test solution is 
placed on a reagent paper. 

If chemical reactions are carried out on filter paper there is sometimes 
a change in the reactivity of materials adsorbed on the capillaries of the 
paper, or precipitated there in a state of fine division. The change in 
activity may be manifested by the fact that certain reactions occur more 
quickly or more slowly than when the material is in a more compact form. 
Heightened reactivity, for instance solubility in acids, is always the conse- 
quence of a higher degree of dispersion and therefore of the development of a 
greater reacting surface. Decreased activity Is brought about by a super- 
ficial coating with resistant materials, or because the attack by reagents 
is hindered by the adsorption of the material on paper. Such phenomena, 
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which can alter the reaction picture in spot tests, will be r^cussed later in 
greater detail. 

Summarizing, it is now clear that a spot reaction on paper which, at first 
glance, appears to be a very simple process, in reality involves a rather 
complicated array of coincident and successive chemical and physical 
phenomena. These are affected by the concentrations of the reacting 
materials, the order in which they are brought on the paper, the use of 
solid reagents, the chemical and physical properties of the reaction prod- 
ucts, the type of paper, the accompanying materials, and the tem{)erature. 
The sum total of all the factors and processes determines the form and 
aspect of the particular spot picture and also the^nsitivity and certainty 
of the spot test. 


Experiments 

1 . Single drops of a weakly ammoniacal nickel sulfate solution (0.001 
per cent) are added to single drops of 1 per cent alcohol solution of dimcthyl- 
glyoxime on a spot plate and on filter paper. For comparison, a drop of 
the nickel sulfate solution is placed on dime thy Igly oxime paper. (This is 
prepared by impregnating filter paper wnth alcoholic dimethylgyoxime 
solution and drying.) The nickel-dimethylglyoxime reaction is not visible 
on the spot plate nor on the untreated paper, whereas a distinct reaction 
is obtained on the impregnated paper. The experiment illustrates the 
increased sensitivity of a spot test procurable by using a filter paper im- 
pregnated with an insoluble reagent. 

2. Single drops of potassium bichromate solution (1 per cent) are placed 
on thin and thick filter paper. After the drops have soaked in, the broad 
side of the paper is held in a blast of heated air. When completely dry, the 
paper is cut through the middle of the fleck and the inteasity of the color 
is compared by placing the front and rear sides in juxtaposition. The 
experiment is repeated, but the paper is now dried in the air by fastening 
it with a pin to a dangling string. The experiments teach that intensive 
heating of one side of a paper moistened with a salt solution results in an 
accumulation of the solute on that side where evaporation takas place 
more rapidly. 

3. A drop of cadmium sulfate solution (1 per cent) is allowed to soak into 
thick filter paper and then dried in a current of heated air. Another drop 
of the same solution is then placed next to the dried spot and both are then 
held over a vessel containing warm ammonium sulfide. Yellow cadmium 
sulfide will form on both flecks. If these are now examined only a slight 
difference will be observed. If, however, the paper Is plunged into water 
it will become quite evident that more cadmium sulfide has deposited on the 
surface of the paper from the dried fleck than from the other. The experi- 
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menls again deAionstrate that if a drop of salt solution is placed on paper 
and then subjecfcd to onO'Sided heating, the material accumulates on the 
side of the more rapid evaporation. This localization can lead to an in- 
crease in sensitivity of sul>sequent spot reactions. However, the trans- 
parency of moist flecks must always be considered. If flecks are warmed, 
care must be taken that the heating takes place on the side where the drop 
was applied. 

4 . A drop of potassium chromate solution (0.005 per cent) is absorbed 
on thick filter paper and the spot is outlined in pencil. Tlie fleck is then 
dried in a blast of warm air, A .second drop of the chromate solution is 
placed next to the dried fleck and allowed to soak in. Both are then spotted 
with 0.1 N silver nitrate' solution. A circular deposit of red silver chro- 
mate will t)e ol)S{Tved only on the fleck that waa dried before applying the 
silver nitrate solution. This experiment also demonstrates the favorable 
effect on the sensitivity of a spot test secured by unilateral heating of the 
fleck. 

5. Afiuoous .solutions of methylene blue (0.0002 per cent) and eosin 
(0.01 per cent) are prepared. Thirty ml. of eosin solution are mixed with 
20 ml. of water and a second 30 ml. of cosin are mixed wdth 20 ml. of the 
methylene blue solution. These tw'o solutions look exactly alike. If 
single drops of the diluted pure solution of eosin and of the mixed dye solu- 
tion are placed next to each other on thick filter paper (S. and S, 601) the 
following will be observed : the methylene blue is adsorbed from the mixture 
and a circular blue spot wdth a blue ring result, while the eo.sin travels 
farther and produces a pink ring around the central circle. The experiment 
illustrates the capillary separation of a basic dye (methylene blue) from 
an acid dye (eosin). The underlying reason is the difference in the inten- 
sity with which they are adsorbed on filter paper. 

6. A drop of 0.1 N hydrochloric acid is placed on Congo paper. A blue 
fleck forms immediately on the red paper, since the dye, Congo red, is an 
indicator and show's this color change in the pH range 3.0 to 5,2. The 
hydrochloric acid is diluted one hundred fold, and a drop of this approxi- 
mately 0.001 solution is placed on the Congo red paper. This time no 
blue fleck appears, but the center of the spot contains a round red zone 
surrounded by a blue ring, and this in turn, is encircled by a second red 
ring. 

The spot picture of the local indicator change is produced about as fol- 
lows: When a drop of the very dilute acid is placed on the red paper, at 
first practically nothing but water is held back by the capillaries of the 
paper (red central area); the .solution that is travelling outward is thus 
concentrated and when the ion concentration becomes great enough 
the indicator changes to blue. Tliis condition is maintained as long as 
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sufficient H'*’ ions arc still present (blue ring). The remaining water which 
continues to travel outward, then merely moistens the indicator paper 
(red ring). 

This experiment succeeds with other indicator papers, such as litmus and 
dimethyl yellow. It demonstrates the localization and activity of an ionic 
species in distinct zones of a reagent paper. 

7. A neutral solution of nickel sulfate is treated with dimethylglyoxime 
(DHs) and the red nickel dimethylglyoxime is filtered off. Since the precip- 
itation from neutral solution is incomplete, the filtrate is an eejuilibrium 
solution containing all the materials involved in the reaction: 

Ni++ + 2DH, Ni(DH), -f- 2II+ 

■ 

Any withdrawal of ions from this equilibrium solution will lead to 
precipitation of nickel dimethylglyoxime. This can be demonstrated by 
adding basic materials such as NaOII, CaCOs, etc. 

If single drops of the equilibrium solution are placed on both thin and 
thick filter paper, the following will be observed. On the thin paper, after 
about a minute, a narrow red ring, whose intensity is the same on both sides 
of the paper, will form around a colorless central area. On the thick pa]>cr, 
however, a ring is formed at first only on the side where the drop was ap- 
plied, and a red circular fleck forms immediately on the under side of the 
paper. 

These diverse spot pictures on thick and thin filter paper result from 
the fact that filter paper adsorbs H+ ions and thus disturbs the equilibrium. 
Accordingly, red nickel dimethylglyoxime is deposited in zones that adjoin 
the zones of ion adsorption. The ions can penetrate thin paper 
completely in the direction of the application of the drop; their capillary 
migration is limited only toward the sides. Consequently, the central 
colorless area is the zone of H+ ion adsorption, and adjoining this is a cir- 
cular deposit of nickel dimethylglyoxime. The H'*' ions do not completely 
penetrate thick paper; only the solvent, water, with the other dissolved 
materials, reaches the under side. Accordingly, the rear of the paper is 
impoverished with respect to H+ ions, and nickel dimethylglyoxime forms a 
circular deposit there. The zones of ion adsorption can be made visible 
by placing a drop of bromthymol blue indicator solution close to the fleck. 
The colorless central area on the tliin paper will turn yellow on both sides 
of the paper, while only the place of application becomes yellow on the 
thick paper. 

The experiment can be varied by placing a drop of the equilibrium solu- 
tion on blue litmus paper. At first a red central area is formed; accord- 
ingly, it is the zone of ion adsorption. A distinct precipitation of red 
nickel dimethylglyoxime forms a ring around the circumference of this 
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circle, but rem^.n8 within its bounds. This is in agreement with the famil- 
iar fact that nickel dimethylglyoxime can also be precipitated from weakly 
acid solutions. 

The experiments demonstrate the disturbance of the chemical equilib- 
rium by adsorption of H * ions and the decrease of the ion concentration 
from the center of the fleck toward the sides and the interior of the paper. 

8. A drop of dilute neutral lead acetate solution is allowed to soak into 
neuti'al (violet) litmus paper, A blue ring forms at a slight distance from 
the center of the fleck, and also a red ring separated from the first by a vio- 
let ring. Conse(piently, the indicator paper shows an alkaline (blue), 
neutral (violet), and acid (red) zone. 

The formation of these zones derives from the fact that an aqueous solu- 
tion of lead acetate is partially hydrolyzed: 

Pb(CHrCOO)2 -{- 2H20^.: Pb(OH)j -h 2CH3-COOH 

The colloidally dispersed lead hydroxide is adsorbed more strongly and 
more quickly than the acetic acid. Consequently, the litmus turns blue 
in the region where the basic lead hydroxide is adsorbed, whereas the indi- 
cator change produced by the acetic acid becomes visible in a separate 
zone only after a certain H+ ion concentration has been reached. The 
experiment demonstrates the localization and reactions of the hydrolysis 
products of a salt in separate zones of an indicator paper. 

9. Potassium chromate solution (20 per cent) and potassium permanga- 
nate solution (0.3 per cent) are prepared. Portions (2.5 ml.) of the latter 
are mixed with 47.5 ml. of water, and with 47.5 ml, of the chromate solu- 
tion respectively. Single drops of the diluted permanganate solutions, of 
the chromato-permanganate mixture, and of the original chromate solution 
are placed on thick filter paper (S. and S. 601). The flecks should not 
overlap. Several minutes after the drops have been absorbed the follow- 
ing will be seen: The spot of pure potassium chromate solution is uniformly 
yellow; a faint light brown spot appears on the fleck of the pure permanga- 
nate solution ; a light brown spot likewise forms on the fleck of the KMn 04 
-K 2 Cr 04 mixture, but it is surrounded by a yellow ring. Of the two brown 
flecks, that produced by the mixed solution is definitely more intense than 
that coming from the pure permanganate solution. 

The light brown central flecks are formed because the permanganate oxi- 
dizes the cellulose of the paper and is reduced to manganese dioxide. This 
is retained in a fine state of division in the capillaries of the paper. The 
pure chromate solution, over the period of observation, exerts no visible 
action on the paper, and when mixed with permanganate therefore passes 
outwaixl through the capillaries of the paper and may be easily recognized 
because it forms a yellow surrounding zone. Small quantities of perman- 
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ganate mixed with a great deal of chromate can be detect much more 
rapidly and with greater certainty by this reaction of the permanganate 
with paper, and capillary migration of the chromate, than by the usual 
chemical methods. This procedure permits the detection of 8 7 KMnO^ 
in the presence of 10000 7 KjCr 04 . It is therefore the best method for 
detecting small amounts of Mn 04 ~ ions in the presence of Cr 04 ions. 

It was noted that the iyin02 spot formed by the mixed solution is more 
intense than that produced by the pure permanganate solution. The 
explanation is that not only the permanganate but also the chromate of the 
mixed solution oxidizes the cellulose. Consequently, in addition to MnOj, 
brown chromic chromate, Cr 2 (Cr 04 ) 3 , is formech Chromate normally 
attacks paper quite slowly, but the reaction is induced by the permanga- 
nate attack on the cellulose. 

The experiment illustrates a capillary separation of two co-solutes by 
chemical reaction of one of them with paper. 

10. Filter paper (S. and S. 589) is bathed in ferric chloride solution 
(0.5 per cent). After the excess solution has been drained off, the paper 
is dried in a blast of heated air. One drop of a solution containing potas- 
sium ferrocyanide and potassium thiocyanate [I ml. KCXS (15 per cent) 
-|- 1 ml. IV 4 Fe(CN )8 (8 per cent) made up to 100 ml. with water] is placed 
on the ferric chloride paper. The following will be seen: The ferrocyanide 
reacts with the ferric chloride in the paper and forms insoluble Prussian 
blue; this remains in the center of the fleck as a round dark blue zone. 
The thiocyanate travels outward and produces a red ring of ferric thio- 
cyanate around the blue zone. The red ring can be moved outward by 
adding a drop of water. The experiment should be repeated with a more 
dilute test solution. The experiment is an example of a precipitation and 
filtration in the plane of the paper. 

D. Protective Layer Effect 

The chemical reactions of solid materials, which normally proceed 
rapidly and smoothly, can Ixj hindered if their exposed reactive surfaces 
are coated mth a layer or film of resistant material. Such resistant pro- 
tective layers can sometimes be produced on materials imbedded in the 
capillaries of paper. It is then possible to use spot reactions to detect 
materials capable of forming a protective layer. Therefore, the basis of 
the detection of a protective layer effect in spot analysis is: Paper im- 
pregnated with certain insoluble compounds is treated with a drop of a 
solution containing materials which, of themselves or by reaction with the 
material in the paper, can form a protective layer. The spot is then 
treated with a reagent which affects the unprotected compound only, 
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and therefore leaves unchanged the portions of the fleck covered by the 
protective coating. 

Two conditions must be met if a protective layer effect is to be used for 
analytical purposes. First, the compound to be protected must receive a 
coating that is as coherent and adherent as possible. Secondly, it must be 
easy to observe the differences in the chemical behavior of the material 
forming the protective layer and of the protected compound. • Conse- 
qucntly, reactions proceeding with production of distinct color changes 
are the only ones suitable for distinguishing a protective layer effect. 

Theoretically the complete coating of a material with only a few molecu- 
lar layers of the resistJmt compound should be enough to produce a pro- 
tective layer. In practice, much thicker layers can be laid down on 
impregnated papers, but these coatings are never perfectly coherent. 
The imperfections arise from the fact that the interspersion and distribu- 
tion of the solid material through the capillaries of the paper ahvays leave 
gaps and spongy spots. The reagents seep through these, reach the in- 
terior of the coating, and react there. For this reason only a partial 
coating is usually obtained, but nevertheless, this sometimes leads to such 
marked differences in the reaction rates of the protected and unprotected 
portions of the paper that very sensitive tests become possible. 

The best protective layer effects are obtained when the protective layer 
is produced by direct action with a compound imbedded in the capillaries 
of the paper; the coating then fits as closely as possible. Indifferent 
(unrcactive) substances can also form protective layere. Those with a 
salve -like consistency exhibit good protective layer effects because they 
form a film over the surface of solids. On the other hand, good protection 
usually cannot be furnished by compounds which crystallize nicely, for, 
as a rule, they do not adhere well. 

Experiments 

1. Thallium sulfide and lead sulfide papers are prepared by soaking 
strips of filter paper in solutions of the respective nitrates. The strips 
are then exposed to the fumes of ammonium sulfide (gradual blackening, 
because of sulfide formation), washed briefly, and dried. Single drops of 
a 2 per cent solution of iodine in ether are placed on strips of the sulfide 
papers and the flecks held for several seconds in a stream of heated air. 
The finely divided black sulfides arc transformed into the corresponding 
yellow iodides (see page 91). The spot picture on the thallium sulfide 
paper is especially interesting. In contrast to the lead sulfide paper, on 
w'hich a yellow spot of iodide appears against a black background, a 
brown-black central circle is formed. This Is surrounded by a narrow 
bright yellow ring (Til) which adjoins the black surface of the unaltered 



87 


PROTECTIVE i^ATER EFFECT 

thallium sulfide paper. The yellow band of thallous iodii/e is very charac- 
teristic of this fleck picture. It becomes still sharper and a little wider if 
the heating period is somewhat lengthened. The dark brown central 
circle enclosed by yellow thallous iodide is by no means unchanged thal- 
lous sulfide, as might easily be assumed from its appearance, but it con- 
sists of thalUum polyiodide (Tllj). This can be proved by placing the 
fleck in a potassium iodide solution (5 per cent) or by warming it in a blast 
of heated air for 2 or 3 minutes. The iodine of the jwly iodide is thus 
dissolved or volatilized, the dark central circle disappears, and a homoge- 
neous yellow fleck of thallous iodide, on a dark background, is left. (Pro- 
longed action of the potassium iodide solution* on the thallous sulfide 
paper slowly causes conversion into thallous iodide.) This j)articular 
spot picture on thallium sulfide paper arises from the fact that the iodine 
concentration is highest at the point of application of the drop. Conse- 
quently, the possibility is presented there for the formation of the thal- 
lium compound richest in iodine, namely, the polyiodide; whereas the io- 
dine that has traveled toward the sides is only sufficient to produce the 
compound containing the least iodine, namely, thallous iodide. Therefore, 
the spot reaction shows quite distinctly the details of the action of iodine 
on thallous sulfide. 

The iodine solution is now progressively diluted with carbon disulfide, 
until no formation of iodide can be seen directly when a drop is placed on 
lead sulfide or thallous sulfide paper. The strips of paper spotted with 
the diluted iodine solution are then dipped into 3 per cent hydrogen peroxide 
solution. The strips will be quickly and completely decolorized, except 
the spotted areas, which remain black to brown. The hydrogen peroxide 
oxidizes the sulfides to colorless insoluble lead sulfate and colorless soluble 
thallium sulfate, respectively, and consequently the color of the reagent 
papers is discharged. The spotted areas, however, where lead iodide or 
thallous iodide have been formed in invisible minute quantities, become 
brown because they still contain the respective sulfides. The slight quan- 
tity of iodide formed by direct reaction suffices to protect the underlying 
sulfides against oxidation by the hydrogen peroxide. 

2. Filter paper is soaked in a 1 per cent solution of dimcthylglyoxime 
and dried in a blast of heated air. Several strips of the paixjr are placed 
in ammoniacal 2 N nickel nitrate solution and red nickel dimcthylglyoxime 
is thus deposited in the capillaries of the paper. This reagent paper is 
washed with water, then with alcohol, and dried in a currant of hot air. 
It is stable for several weeks. On aging, the nickel dimcthylglyoxime 
recrystallizes, part of it becoming detached from the paper, whose activity 
is thus lessened. 

A drop of neutral solution of palladium chloride (approximately 0.01 per 
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cent) is broughl on a strip of the red recent paper, allowed to dry, and 
then placed in dilute hydrochloric acid. The color of the paper is dis- 
charged instantly, except on the site of the spot, where a red fleck is left. 
For comparison, paper impregnated with dimethylglyoxime alone is 
spotted with the same palladium chloride solution. When this test strip 
is plunged into dilute hydrochloric acid a yellow spot of acid-insoluble 
palladium dimethylglyoxime remains. The spot tests on both reagent 
papers should be repeated with progressive dilutions of the palladium 
chloride solution. It will be found that the diluted solutions, which are so 
weak that they no longer reveal their palladium content when placed on 
plain dimethylglyoxime tpaper or with other reagents, will still leave very 
distinct red flecks on nickel dimethylglyoxime paper when this is treated 
subsccpiently with acid. 

This method for detecting palladium will show as little as O.OSy of 
palladium in one drop. The test is strictly specific since, under the con- 
ditions of the experiment, no other metals react; neither do they decrease 
the sensitivity of this test for palladium. 

The liigh sensitivity of this test is due to a protective layer effect. When 
a drop of the palladium solution is placed on paper impregnated with 
nickel dimethylglyoxime, the acid-soluble red nickel salt is converted into 
the acid-insoluble yellow palladium salt. This transformation occurs 
directly on the surface of the nickel salt, which therefore is coated with the 
palladium compound and protected against the subsequent attack by the 
acid. Quantities of palladium so small that they can no longer be de- 
tected by tlie fomiation of yellow palladium dimethylglyoxime are still 
capable of accomplishing this protective layer effect. 

A trial with nickel dimethylglyoxime suspended in water and palladium 
chloride solution will demonstrate that this protective layer effect is dis- 
tinctly visible only when carried out as a spot reaction on paper. 

3. Single drops of a 1 per cent solution of paraffin or of a fat in very pure 
benzene are placed on strips of dimethylglyoxime or thallium sulfide paper 
(see Experiment 1). The solvent is then allowed to evaporate spontane- 
ously or in a blast of heated air. The strips, which show not the slightest 
change, are then placed in dilute sulfuric acid. The red nickel dimethyl- 
glyoxime, or the black thallium sulfide, is dissolved away and the un- 
treated parts of the reagent papers are decolorized almost immediately. 
Red or brown flecks, respectively, arc left on the areas where the drops of 
test solutions were applied. As soon as the unprotected parts of the paper 
are decolorized the strips are placed in a dish containing water. This 
prevents the attack by acid on the protected areas, which would otherwise 
be slowly affected. 

The resistance of the fleck to attack by sulfuric acid is due to a thin film 
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of paraffin or fat that is left when the solution in benzene evaporates. It 
protectively coats the surface of the nickel dimethylgly oxime or thallium 
sulfide. A trial will show that this protective effect can still be accom- 
plished with the fat solution even after it has been diluted with ten times 
its volume of benzene. Larger quantities of fat can be detected by placing 
a drop of the solution on thin tissue paper or cigarette paper. A grease 
spot will be left after the solvent has evaporated and stands out from the 
unchanged paper because of its translucence. A comparison will show 
that the test based on protective layer effect is considerably more sensitive 
than the “grease spot test” just described. 

An excellent reagent paper for detecting a protective layer effect is 
prepared by soaking filter paper in mercurous nitrate solution and then 
placing it in dilute hydrochloric acid. The paper is washed and dried; 
it contains insoluble mercurous chloride (calomel). If placed in very 
dilute ammonia water the paper gradually turns gray because of the reac- 
tion: 

Hg;CU + 2NH, = Hg + IlgNHjCl + NII 4 CI 

If a drop of a fat solution is placed on this calomel paper, the solvent al- 
lowed to evaporate, and the paper then bathed in very dilute ammonia, 
the protected area will turn gray very much more slowly than the rest of 
the paper. 

E. The Use of Capillary Dispersion for the Recognition of 
Reactions Difficult to See 

Solids precipitated in the capillaries of porous papers are finely divided 
and this development of an extensive surface is of considerable analytical 
importance. The surface, which is so much greater than that obtained 
by normal precipitation in a test tube, comes into being particularly from 
the fact that the solid, in so far as it does^not form a more or less coherent 
solid film on the surface of the paper, is dispersed throughout the innum- 
erable capillaries of the paper. Consequently, there is no aggregation 
into compact coarser clumps. The free surface of solids is very important 
in the chemical reactions of such materials because it determines, in part, 
the reaction velocity. This statement demands comment. The form of 
the solid product has practically no effect on the reaction velocity of the 
dissolved portions which are in equilibrium with the solid phase, but a 
certain fraction of the solid must have entered solution before a reaction 
can occur there. The speed of the passage of the solid material into the 
soluble phase, that is, the “physical” rate of solution, is, however, a func- 
tion of the free surface; it rises and falls with it. On the other hand, there 
are reactions (particularly of very difficultly soluble materials) which may 
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occur directly on the free surfaces of solids, without or along with the inter- 
mediate intervention of dissolved portions. It Is obvious that such reac- 
tions will proceed more rapidly in proportion to the extent of the reactive 
surface. If it is remembered also that the disappearance or formation of 
colored solids, oven in small amounts, is much more visible on the white 
surface of porous paper than in an aqueous suspension, it is easy to sec that 
sj)ot reactions involving solids which are highly dispersed in the capillaries 
of paper will lead to phenomena that will not be observed when the same 
reaction i.s carried out with compact particles in a test tube, or detectable 
there only by much more involved methods. The following experiments 
demonstrate this. 

1. The Reaction of Mercuric Hulfide with Alkali Iodide and Free Iodine 

iMercuric sulfide; dissolves in potassium poly iodide (a solution of iodine 
in potiLssium iodide) with deposition of sulfur. This reaction is the basis 
of a volumetric (iodometric) method of determining mercuric sulfide. It 
can ])e represented: 

IlgS + 2KI + h = KMgh + S (1) 

It has been commonly assumed that this reaction does not occur directly, 
but that (1) is merely the sum of (2) and (3), which take place in suc- 
cession: 


HgS + 4KI = KJIgl* + KiS (2) 

liS + = 2 K I S (3) 

IlgS 2KI + Is = K 2 IIKI 4 + S (1) 

A spot reaction on paper impregnated with mercuric sulfide easily demon- 

st rates Unit tliis assumption is incorrect. Contrary to expectation, iodine 
reacts directly on mercuric sulfide: 

IlgS -p I, « Hgl, -p S (4) 

and only then docs the mercuric iodide dissolve in potassium iodide : 

Hgb + 2KI = Kdigli (5) 

Consequently, the reactions occur in the order (4) and (5). 

Expenmeni. Filter paper is soaked in 1 per cent solution (alcohol) of 
mercuric chloride, dried, and then bathed in dilute ammonium sulfide 
solution. The gray -black paper, which is thus impregnated with mercuric 
sulfide, is washed with water and then finally dried . A drop of 0.2 iV” iodine 
solution in potassium iodide is placed on this mercuric sulfide paper and 
next to it a drop of 0.5 per cent solution of iodine in carbon disulfide. The 
specimen is dried in a current of warm air. After the paper is put in water, 
the area treated with iodine-potassium iodide solution becomes perfectly 
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white. This result corresponds to (1) which is the net equation of the 
reaction. The area spotted ^ith the solution of iodine in carbon disulfide 
turns yellow-red, because of the formation of mercuric iodide, A ^hite 
fleck is produced here also, but only after bathing the paper in a solution of 
potassium iodide. Consequently, the two spot reactions demonstrate the 
direct reaction of mercuric sulfide with iodine, and also the correct sequence 
of the reactions when poly iodide acts on mercuric sulfide; namely, the 
primarj' formation of Hgla followed by solution in potassium iodide to 
form K2Hgl4. 

2. Transformation of Mcial Sulfides to Insoluble Metal Iodides 

The conversion of mercuric sulfide into mercuri* iodide, described in the 
foregoing experiment, is not an exception depending, for example, on the 
solubility of mercuric iodide in potassium iodide to produce complex 
K 2 Hgl 4 . On the contrary, it is possible by means of spot reactions to 
demonstrate a direct conversion of other heavy metal sulfides into iodides. 
Dry fitter paper impregnated with PbS, AgjS, BijSa, CuS, or TI 2 S, is spotted 
with one or two drops of a solution of iodine in carbon bisulfide or ether. 
After the solvent has evaporated and the specimen has been exposed to a 
blast of heated air, the formation of iodide will be evidenced by the change 
in color on the spots where the iodine was applied to the black paper. The 
following demonstration of the conversion of stannic sulfide into the iodide 
is quite simple. 

ExperimenL Stannic sulfide is prepared in a test tube by passing hydro- 
gen sulfide into an acidified solution of stannic chloride. The precipitate is 
washed several times with water by decantation. The product is dissolved 
in the test tube by drop-wise addition of colorless ammonium sulfide and 
produces a solution of ammonium thiostannate. A drop of this solution 
is placed on filter paper and dried for about 2 minutes in a current of heated 
air. The sulfo salt is decomposed: 

(NH 4 )sSnS, = SnS, -1- 2NH, -f- H,S 

A fleck of bright yellow stannic sulfide is left on the paper. If now a solu- 
tion of iodine in carbon bisulfide or ether is applied, and the iodine driven 
off by warming, a red-brown fleck of stannic iodide remains. This pro- 
cedure reveals quantities of stannic sulfide so small that they are not visible 
on the paper of themselves. It is recommended that similar trials be made 
with progressive dilutions of the ammonium thiostannate solution. 

3. Reactions of Finely Divided Manganese Dioxide 

Manganese dioxide is easily dissolved by concentrated hydrochloric acid, 
especially on warming: 

MnOj + 4HC1 = MnClj -f Cl* -h 2H,0 



The course of the solution can be followed easily by the disappearance of the 
solid and also by the evolution of chlorine (bluing of starch-iodide paper). 
Dilute hydrochloric acid at room temperature reacts with manganese 
dioxide very slowly. This is also true for dilute solutions of other reducing 
agents, such as oxalic acid, sulfurous acid, hydrogen peroxide, and the 
like. Consequently, if precipitated manganese dioxide is shaken in a test 
tube with a mixture of dilute oxalic acid and dilute sulfuric acid, the con- 
sumption of manganese dioxide by the reaction with oxalic acid: 

MnO: -f- IhCjOi + H 2 SO 4 = MqS04 2COj 2HjO, 

cannot be seen, but can only be established by a quantitative determina- 
tion. The findings are quite different, however, when manganese dioxide 
is finely dispersed in the capillaries of paper. If a drop of a dilute solution 
of a reducing agent is placed upon dry paper containing only a little manga- 
nese dioxide, the finely divided oxide reacts almost immediately. The 
reduction of the manganese dioxide on the spot where the reducing agent 
was applied results in a white fleck with a light brown or yellow border. 

The presence of reducing agents can be plainly established by utilizing 
manganese dioxide paper. The reactivity of manganese dioxide when 
highly dispersed in the capillaries of paper is so great than even one drop 
of dilute sulfurous acid, indeed even moderately concentrated acetic acid, 
produces white flecks. Consequently, reactions can be seen under these 
circumstances which \vould be entirely invisible if carried out in test tubes. 

Experiment Papers with different manganese dioxide content can be 
prepared by bathing strips of quantitative filter paper in solutions of per- 
manganate of different concentrations (from 1 per cent down), and also 
containing a little sodium hydroxide. The permanganate, depending on 
its concentration and the length of exposure, oxidizes the cellulose to a 
greater or less degree. ^langancse dioxide is deposited in the capillaries 
of the paper and cannot be washed out. Papers from deep brown to barely 
visible yellow can be produced; after they have been washed thoroughly 
(bathed in running water) and dried, they will keep indefinitely. Of 
course, slightly impregnated papers should be used for the detection of 
minute quantities (up to I7) of reducing compounds. The reaction period 
in this case should be several minutes, so that the reduction of the manga- 
nese dioxide will be seen easily. If the paper is so slightly impregnated 
that it appears almost white, any action on the oxide can be made visible 
if the paper is spotted, dried, and then placed in an alcohol solution of 
benzidine. The latter is a sensitive reagent for traces of manganese diox- 
ide, which colors it blue (see page 141). Consequently, on treatment with 
this reagent, the whole strip of paper turns intensely blue, with the excep- 
tion of the fleck, which remains almost white. 
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4. Reaction of Mercuric Oxide with Hydroxylamtne Hydrochloride 

If an excess of mercuric oxide is added to a solution of hydroxylamine 
hydrochloride, and gently wanned, mercury is precipitated: 

2 XH,OH-HCi + 2HgO = Hg + HgCh + N, + 4ll,0 

This net equation represents a reaction that actually occurs in two stages. 
H 3 "droxylamine is liberated: 

2 NH,OH •HCl -f HgO = HgCl, + HjO + 2NH,OH, (1) 

and it then reacts with mercuric o>dde, producing finely divided mercury: 

HgO + 2XH,OH = Hg + N, + «IbO (2) 

The two partial reactions (1) and (S) can be easily segregated by the fol- 
lowing spot reaction, and their separate courses made visible. 

Experiment. Filter paper is impregnated with 0.2 (alcohol) solution 
of mercuric chloride, dried, and then bathed, for a short time, in 1 A'^ so- 
dium hydroxide. After thoroughly washing with water, the paper is dried 
in a blast of heated air. The color will l>e a uniform yellow, due to the 
deposition of mercuric oxide. INIercuric oxide paper is stable only if it is 
stored in the dark (sec page 94). A drop of hydro.xyl amine hydrochloride 
solution is placed on the paper and the caijillary picture will go through the 
following stages: Proceeding from the point of application, a white circle 
is formed first [zone of partial reaction (1) ] and adjoining this, a black ring, 
due to the deposition of mercury [zone of partial reaction (2)], the whole 
surrounded by unaltered ^-cllow mercuric oxide. The formation of mer- 
curic chloride in the white central circle can be proved by fuming with 
hydrogen sulfide, or by spotting with dilute potassium iodide solution; 
black mercuric sulfide, or red mercuric iodide, is formed. 

The experiment can be made with hydrazine sulfate solution in place of 
hydroxylamine hydrochloride; analogous partial reactions occur. 

5, The Action of Iodine on Free Sulfur 

It is common practice to determine acid-soluble sulfides titrimctrically 
by adding the sample to an excess of acidified solution of known iodine 
content. The reaction: 

HjS + I, = 2HI + S (1) 

occurs, and the unused iodine is then back-titrated with standard sodium 
thiosulfate solution. This titration involves a slight error because excess 
iodine can react with the finely divided sulfur produced in (1) and thus may 
lead to an oxidation to sulfate: 

S" + 31, + 4H,0 = 8H+ -f 61- + 80^- (2) 
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The extent of this side reaction (2), which entails a consumption of iodine 
in excess of that demanded by (1), is extremely small. In practice it can 
be neglected if the determination is carried out competently, that is, if the 
excess of iodine is immediately back-titrated. However, the demonstra' 
tion of the oxidation of sulfur to sulfate makes an interesting spot reaction 
because, in a simple way, it illustrates an effect which Is a matter of every- 
day experience in the case of the other halogens, bromine and chlorine. 

Experivient, A drop of a solution (1 per cent) of sulfur, of the highest 
grade, in carbon disulfide is placed on neutral litmus paper. After the 
solvent has evaporated the spot is treated with one drop of 0.5 N iodine 
solution (in potassium iodide). For comparison, a drop of carbon disulfide 
is placed on the same strip of indicator paper, and after evaporation, a drop 
of the iodine solution is applied on the same place. The litmus paper is 
then placed in water; the iodine dissolves, and a red fleck will be seen, but 
only at the place where evaporation of the carbon disulfide deposited free 
sulfur, which then came in contact with the iodine. This demonstrates 
that even brief action of iodine (and water) results in an oxidation of sulfur 
to sulfate (sulfuric acid) as given in (2). 

6. The Action of Mercuric Oxide and Chloride on Filter Payer in Ultraviolet 
TAght 

Mercuric oxide and mercuric chloride can be reduced by certain organic 
and inorganic compounds; free mercury or a mercurous salt are produced, 
depending on the conditions of the experiment. Cellulose of filter paper 
can reduce these mercury compounds partially to metallic mercury; irradi- 
ation, particularly with ultraviolet light (quartz lamp), catalytically accel- 
erates this reduction. The rapid discernment of the reaction of cellulose 
with mercuric oxide or chloride requires that the mercury compounds be 
highly dispersed in the capillaries of the paper. This is accomplished by 
impregnating filter paper with mercuric oxide or chloride. 

Experiments 

1 . Strips of filter paper are placed in 0.2 A alcohol solution of mercuric 
chloride. The alcohol is allowed to evaporate and mercuric oxide is de- 
posited in the capillaries of the paper by placing the strips in 1 A sodium 
hydroxide. The yellow paper is thoroughly washed with water and dried 
in a blast of heated air. It can be kept for a long time if stored in the dark. 

A strip of mercuric oxide paper is placed on a glass plate and a portion 
of the paper is covered with a coin. The paper is then exposed to the light 
of a quartz lamp. After about three minutes, the exposed areas of the 
paper became uniformly gray, whereas the protected area is unaltered. 
The under side of the paper also remains practically unchanged, indicating 
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that the layer of finely dmded mercury produced by the reduction protects 
the underlying mercuric oxide from the action of the ultraviolet rays. 

If the paper is left under the quartz lamp for an hour, or if it is exposed 
to the prolonged action of direct sunlight, the reaction proceeds so far that 
the irradiated paper is blackened uniformly by the deposition of finely 
divided mercury. 

2. The action of mercuric chloride is made visible by placing a drop of 
0.1 mercuric chloride solution on filter paper and then placing the paper 
under the quartz lamp. Within several minutes tlxe exposed side of the 
fleck becomes black- brown. If a drop of water is applied at the side of 
the fleck, that part of the paper which is moistened by the spreading 
water becomes colorless immediately. The reaction 

llg + HgCI, - Hg,Ci, 

occurs in this zone. The finely divided free mercury, produced by the 
action on cellulose (when irradiated), reacts with the unchanged mercuric 
chloride left in the paper and immediately forms insoluble white mercurous 
chloride. The formation of calomel can be proven by holding the paper 
over ammonia water or by spotting with this reagent. The decolorized 
areas which contain mercurous chloride turn deep black: 

HgzCI, + 2X11, » Hg + HgClNH, + XH4CI, 
a reaction which is characteristic of calomel. 

7. The Action of Alkali Poly sulfide and Free Sidfur on Tkallous Sulfide 

This section describes a number of original experiments carried out as 
spot reactions. The order is that in which they were actually performed 
during an investigation in this laboratory. The resulting observations 
and their useful application have led to a new sensitive tost for free sulfur, 
and have also revealed the conditions under which a hitherto unknown sul- 
fur compound of thallium is formed. 

Experiments 

Filter paper is impregnated with OA N thallous carbonate solution and 
while still moist is held over a beaker containing ammonium sulfide. Black 
thallous sulfide is deposited on the paper and in its capillaries. The paper 
is washed briefly, dried in heated air, and can then be kept for several days 
in a tightly fitting container. Long standing, especially in moist air, leads 
to oxidation of the thallium sulfide to sulfate, 

A drop of dilute ammonium polysulfide solution is placed on a strip of 
thallium sulfide paper, dried, and then bathed in dilute nitric acid. A 
brown-red residue appears on the spotted area, while the rest of the paper 
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turns white because of the ready solubility of thallous sulfide in acids. 
(The ammonium polysulfide can be replaced by alkali polysulfide, and the 
dilute nitric acid by other dilute mineral acids.) If the experiment is made 
with colorless ammonium sulfide no residue is left, but the entire paper 
loses its color completely. 

These two experiments lead to the conclusion that the polysulfide sulfur 
is solely responsible for the difference. The spotting is repeated with a 
drop of strong polysulfide solution which contains much sulfur. Brown 
acid-resistant flecks are produced on the black paper if it is allowed to lie 
in the air, or the effect is observed more quickly if a blast of heated air is 
directed against the pa^er. 

This finding makes it appear probable that when ammonium polysulfide 
evaporates, sulfur is deposited on the thallium sulfide and protects it from 
attack ])y the acid (pp. 86 and 229). The spot experiment is therefore 
repeated several times, but after the paper has been dried it is bathed in 
carbon disulfide or colorless ammonium sulfide to dissolve away the free 
sulfur. It will be found that, in spite of the action of the excellent solvent 
for sulfur, the flecks themselves persist and retain their resistance to acid. 
A noteworthy difference in behavior of the flecks that have only been dried, 
and of those ^vhieh received additional treatment with carbon disulfide, 
was observed. The former produced a red-brown fleck on a white back- 
ground when bathed in acid; the latter (that is after digestion with 
carbon disulfide) formed a brown fleck on a light brown background. 
These observations indicate that sulfur dis.solved in carbon disulfide exerts 
an effect, and lead to the spotting of thallium sulfide paper with a drop of a 
carbon disulfide solution of sulfur. Immediately after the solvent evap- 
orated, the brown acid-stable flecks, previously observed, appear. When 
the flecks produced by spotting with a solution of sulfur in carbon disulfide 
n’cre bathed in this solvent and then treated with acid, the brown flecks 
on a light brown background remain again. 

These experiments prove that dissolved sulfur reacts very rapidly with 
finely divided thallous sulfide, and that excess sulfur dissolved from the 
fleck by carbon disulfide reacts immediately with the unchanged thallous 
sulfide that is still present around the fleck. Consequently, it is possible, 
as shown by the spot experiments with thallous sulfide finely divided in 
paper, for black thallous sulfide to take up free sulfur from carbon disulfide 
or polysulfide solutions, and form a red-brown product W'hich is acid-stable 
in contrast to thallous sulfide. The great tendency to combine with sulfur 
points to the formation of stable thallium polysulfide TlsS-S* or to a new 
modification of thallic sulfide. A synthesis of the compound by treatment 
of dry T^S with a solution of sulfur in carbon disulfide or with polysulfide 
solutions seems to have promise. 
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If thallous sulfide is precipitated in the ordinary fashion, dried and then 
allowed to stand, with occasional shaking, in contact with a solution of 
sulfur in carbon disulfide, the color changes toward brown only after 24 
hours. The high dispersion of thallous sulfide in paper has therefore made 
it possible to discover a reaction which hitherto could not be observed 
because it proceeds so slowly. 

The effect of the combining of sulfur \\ith thallous sulfide can also be seen 
if thallous sulfide paper is spotted with a very dilute solution of sulfur in 
carbon disulfide and then treated with acid. A brown fleck will be left on 
the decolorized paper. Small quantities (ly) of sulfur in carbon disulfide 
can be detected in this way. 

Bright brown or dark brown flecks are left if fhallous sulfide paper is 
spotted with a solution of selenium in carbon disulfide or colorless ammo- 
nium sulfide, dried, and then bathed in dilute acid. This finding proves 
definitely the transformation of the finely divided thallous sulfide into a 
compound containing selenium. The same effect is obtained in greater 
measure when the spotting is done with a solution of selenium in colorless 
ammonium sulfide. 

F. Accumulation of Materials by Extraction and Flotation 

Materials dissolved in water, or solids suspended in this medium, can be 
quickly and extensively removed from the water phase by an immiscible 
organic solvent (ether, amyl alcohol, carbon disulfide, etc.), if the material 
is quite soluble in the organic liquid. A transient intimat(j mixing is essen- 
tial, so that close contact with the organic solvent is provided by the de- 
velopment of an extensive mutual surface. If the system is then allowed 
to stand until the liquids separate, the w^ater-organic liquid interface will 
again assume its minimum area and the material which w'as originally 
distributed in the water will then be dissolved in the organic solvent. The 
extraction is complete if the materials are insoluble in water, but a com- 
plete extraction can never be attained with water-soluble compounds. A 
partition between both solvents is the best that can be accomplished. The 
distribution depends on the relative solubility of the particular compound 
in water and in the organic liquid. Extraction by an organic solvent of 
materials dissolved or suspended in w’ater is called ^'shaking out.” This 
procedure is particularly adaptable to the detection of minute quantities 
of colored materials that are soluble in organic liquids; the material originally 
distributed over a large volume can be localized by extraction into a much 
smaller volume and thus made more visible. Colorless organic liquids 
with high solvent power should be chosen for shaking out; their densities 
should be somewhat different from that of water, so that the layers will 
form quickly. As a rule, the layers separate more rapidly after acid or 
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neutral flolutions have been extracted than when alkaline solutions are 
shaken out. Water-alcohol solutions often form stable emulsions when 
they are shaken out with organic solvents. In such cases, it is well to dilute 
with water cither before or after the extraction; the layers then usually 
separate more rapidly. 

Freshly precipitated, and consequently finely divided, materials that 
are not soluble in water, nor in immiscible organic solvents, frequently can 
be collected in the interface of the two liquids if the suspension is shaken 
vigorously, and the layers then allowed to separate. A fine film is formed 
on the surface of the winter which is in contact with the organic liquid, and 
thus small quantities o[ colored materials, w'hich are difficult to see in a 
large volume, can be discerned clearly. This type of localization of mate- 
rial is similar to the “flotation” that is so widely used in chemical industry. 
It is a procedure for .separating the components of a mixture of pulverized 
materials by floating them in w^ater. The addition of small quantities of 
certain materials (flotation agents) alters both the w'ettability of the parti- 
cles and the surface tension of the liquids, and therefore changes the buoy- 
ancy also. Flotation of freshly precipitated materials can sometimes be 
used for analytical purposes; this is accomplished by extraction with or- 
ganic solvents, since not only water but also organic liquids, such as ether, 
can be adsorbed on finely divided solids. If the adsorption of two liquids 
is sufficient to increase their miscibility on the surface, the solid will collect 
at the water-organic liquid interface. This accumulation, therefore, is 
always an indication of the common adsorption of t\vo immiscible liquids 
on the surface of a solid phase. If water alone is adsorbed, then the solid 
remains in the water after the shaking out. On the other hand, if the 
adsorption of an organic liquid is greater than that of the water, then the 
solid phase goes into the organic layer on shaking out. A localization of 
material by flotation is especially advantageous if colored reagents, which 
interfere with the discernment of small quantities of colored precipitates, 
are taken up by the organic liquid. In such cases, shaking out accom- 
plishes both extraction and flotation. Ether is a good flotation agent. 
Sometimes organic liquids whose density is greater than that of water, 
such as carbon disulfide or carbon tetrachloride, can be used with excellent 
results. As a rule, the presence of neutral salts and an acid reaction of the 
test solution favor a flotation of the precipitate. 

Finally, a third method of localizing material consists in shaking dilute 
salt soldtions with small quantities of solid materials wliich are capable of 
adsorbing certain components of the solution and thus retaining them. 
Sometimes the retention is due to chemical reaction. Materials which can 
exert such effects are called “trace catchers.” If a dilute solution is shaken 
with a suitable trace catcher, and the liquid poured off, a chemical change 
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can be detected directly by the change in color of the catcher, or the latter 
can be spotted with a suitable sensitive reagent, A positive result of the 
characteristic reaction will thus establish that an adsorption has taken 
place. 


ExperitnerUs 

1. A standard ferric sulfate solution (1 ml. = 0.001 g. Fe) is treated with 
1 ml. of concentrated hydrochloric acid and enough water to produce a 1 : 20 
solution. Of this, 2 ml. are treated in a narrow test tube with 1 ml. of 10 
per cent potassium thiocyanate solution. A distinct red color, due to 
Fe(CNS)8 or Fe(CNS)ii' ” ” or Fe(CNS)?, is obtained. A portion of the 
red solution is diluted with hydrochloric acid (1:10) until a pink can be 
barely seen. This solution is shaken thoroughly with 1 ml. of ether. After 
the layers have separated, the upper layer will be distinctly pink, because 
the ether has extracted the greater part of the ferric thiocyanate; the water 
layer will be almost colorless. The red or pink can be discharged by 
adding, from the tip of a knife blade, a trace of potassium fluoride, which 
forms the colorless complex FeF7 ~ ion. 

2. A 1:20 diluted solution is prepared by adding 1 ml. of concentrated 
hydrochloric acid and sufficient water to standard cobalt nitrate solution 
(1 ml. - 0.001 g. Co). Two ml. of the dilute solution are treated in a 
narrow test tube with about 1 g. of potassium thiocyanate. The solution 
turns blue-green. Several drops of acetone and 1 ml. of ether are added 
and the mixture thoroughly shaken. When the layers separate, the ether 
layer will be intensely blue. The color is due to the formation of the com- 
plex salt K 2 Co(CNS) 4 , which is soluble in etlicr-acetone. 

Further dilutions of the diluted cobalt nitrate solution are prepared and 
tested in the same way with potassium thiocyanate and ether + amyl 
alcohol. It will be found that cobalt solutions which no longer change 
color on the addition of potassium thiocyanate will give a distinct blue 
upper layer. 

The difference in the sensitivity of the thiocyanate test for cobalt, with 
and without extraction, is far greater than the analogous difference in the 
detection of ferric thiocyanate. This is in accord with the fact that even 
dilute solutions contain ferric thiocyanate as such, whereas, in dilute cobalt 
solutions, the formation of K 2 Co(CNS )4 is only partial, in conformity with 
the equilibrium: 

Co++ -I- 4CNS-;=; Co(CNS)i-- 

If, however, this equilibrium solution is shaken with ether -f acetone, the 
double compound is withdrawn from the water phase, and the complex 
cobalt thiocyanate, which dissolves in the organic solvent, with a blue 
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color, is replenished. The blue complex cobalt thiocyanate, in contrast to 
red ferric thiocyanate, is stable toward potassium fluoride. This fact 
makes it possible to detect traces of cobalt in. the presence of much iron, 

3. Fifteen ml. of distilled water are placed in a test tube provided with a 
glass stopper, and a like volume of tap water is placed in a similar test tube. 
Three ml. of 0.002 per cent solution of dithizone in carbon tetrachloride are 
added to each test tube and the mixtures shaken. The original green of 
the dithizone solution changes to violet-red in both cases, but the change 
is far more intense in the tap water than in the distilled water. Tap water, 
and even distilled water, contains traces of heavy metals that react with 
dithizone and form colored compounds which are soluble in carbon tetra- 
chloride. Accordingly, the presence of traces of heavy metals in water can 
be detected by shaking the specimen with dithizone reagent solution. 
After the layers have separated, several ml. of the distilled water are trans- 
ferred to another test tube and shaken again with 2 ml. of dithizone solu- 
tion. This method of purifying water is repeated until the carbon 
tetrachloride layer no longer undergoes a color change. A lead wire is 
then hung for several minutes in the water from which the heavy metals 
have been removed. On shaking with dithizone, the water will turn red 
again. The traces of lead salt formed on contact of the water with the wire 
are sufficient to give a tost with dithizone. 

4. Two milliliters of 0.00 1 per cent solutions of sodium chloride and 
potassium iodide, in separate test tubes, are treated with 2 drops of 0.1 N 
silver nitrate .solution and 1 drop of dilute nitric acid. An opalescence 
appears, due to the formation of silver chloride and silver iodide. A visible 
deposit is not obtained for several hours because the silver halides are so 
finely divided. The experiments are repeated, but the opalescent liquids 
are shaken with 1 ml. of ether immediately after the silver nitrate has been 
added. When the layers have separated, a film of silver chloride or silver 
iodide will be seen at the water-ether interface. The improvement in the 
visibility of the silver halide precipitation by shaking with ether is demon- 
strated easily by trials with progressively diluted solutions of sodium 
chloride and potassium iodide. 

5 . Ammoniacal copper sulfate solution is diluted until 5 ml. treated with 
colorless ammonium sulfide produces neither a precipitate nor a turbidity. 
Five milliliters of this diluted copper solution are shaken rigorously in a 
stoppered hard glass test tube with a grain of silica gel for 5 minutes. The 
liquid is poured off and the silica gel transferred to a depression of a spot 
plate. A drop of ammonium sulfide solution is added. A visible produc- 
tion of copper sulfide follows; the silica gel has adsorbed the copper-ammine 
salt and thus localized the copper on a small surface. 



Chapter IV 

INORGANIC ANALYSIS 


A. Spot Tests with Inorganic Reagents 
(Normal Salts and Complex Compounds) 

A comparatively minor role is played by inorganic reagents in inorganic 
spot analysis. Their reactions with the materials to be detected produce 
simple salts which are either slightly soluble or soluble and colored. The 
scarcity of inorganic binary salts useful iis reaction products is definitely 
typical of spot analysis in direct contrast to classical qualitative raacro- 
and micro-analysis, in which such salts are used in large measure because 
they frequently exhibit characteristic crystalline form. The infrequent 
use of inorganic reagents stems from the fact that spot tests are limited 
to reactions which are sensitive and as selective as possible, and whose 
positive results can be established without the aid of optical instruments 
which must be called on, for instance, to determine the crystalline fonn of 
the reaction product. These requirements are met far better by tests 
accomplished by means of organic reagents, catalyzed reactions, masking 
agents, and so forth, than they are by the normal formation of inorganic 
salts. Inorganic compounds are of importance in spot tests if they partici- 
pate in reactions involving complex salts. Included in this class of rea- 
gents are those compounds which react with the materials being identified 
by forming complex salts whose color or slight solubility can be utilized 
for analytical purposes. Further examples arc those inorganic reagents 
which are themselves complex compounds, and as such behave quite 
differently than their constituents. Lastly, the color intensification 
undergone by some inorganic components when they are incorporated in 
certain adsorption systems can be made to serve the needs of spot tests. 

Inorganic reagents are essential aids in the preparation of solutions of 
the samples, in the segregation (precipitation, masking) of certain groups 
or co-solutes from mixtures, in providing a suitable reaction environment 
CpH adjustment), or in the preliminary attainment of the appropriate stages 
of oxidation of materials whose identification reactions are shown only at 
certain valences. 

1. Detection of Antimony (IE) and Tin (H) 

Chemical Basis: Reduction of soluble and slightly soluble phosphomolyh- 
dates. Normal molybdates are such weak oxidizing agents that they do 
not affect antimony (III) salts. However, molybdenum attains an en- 
hanced reactivity in phosphomolybdic acid, H3P04*12Mo0|*2H20, and 
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its salts because of the complex binding of MoOa molecules. In this state 
it can be reduced quickly by certain reducing agents which either do not 
affect normal molybdate or do so only slowly and incompletely. Blue 
soluble molybdic oxides, “molybdenum blue/* result. Molybdenum blue 
is a mixture of MoOj and MojOs; consequently, it always represents no 
more than a partial reduction of Mo (VI). Antimony (III) salts can 
cause this reduction. It is noteworthy that they react only with free 
phosphomolybdic acid or its soluble salts, but not with slightly soluble 
salts such as potassium or ammonium phosphomolybdate. In contrast, 
tin (II) salts reduce both soluble and slightly soluble phosphomolybdates. 
Consequently, filter paper impregnated with yellow acid-insoluble 
ammonium phosphomolybdate can be used for spot detecting tin in the 
presence of antimony. 

Procedure: Immediately before the experiment filter paper is impreg- 
nated with a saturated alcohol solution of phosphomolybdic acid and then 
dried. The paper will keep for only a few days, even when stored in the 
dark. A drop of the acid test solution is placed on the yellow reagent 
paper, which is then exposed to steam for several minutes. If antiniony 
is present a blue spot develops; its intensity is an index of the quantity of 
antimony. 

Permanent ammonium phosphomolybdate paper suitable for the detec- 
tion of tin (II) is prepared by immersing paper impregnated with phospho- 
molybdic acid in an aqueous solution of ammonium nitrate acidified with 
nitric acid, washing with water, and drying. A drop of tin (II) solution 
immediately produces a blue spot on this yellow reagent paper. 

Limit of Identification: 0.2 7 antimony. 

0.03 7 tin. 

Concentration Limit: 1:250,000 antimony. 

1:600,000 tin. 

Application in the presence of other materials: The test for antimony (III) 
and tin (II) is unequivocal if other reducing agents are absent. If antimony 
is to be detected in the presence of other cations, including tin, it is well to 
boil the solid sample, or a solution prepared from it, with a solution of 
alkali sulfide. This converts arsenic, antimony, and tin into soluble alkali 
thio compounds, such as Na3SbS4 or NaaSbSs. The residual sulfides are 
removed by filtration or centrifugation. A few drops of the filtrate or 
centrifugate are boiled with a little concentrated sulfuric acid until a clear 
solution is obtained. Antimony (III) sulfate and tin (IV) sulfate result. 
The test for antimony can be made directly on this solution; if necessary 
while it is still warm. 

The detection of tin is made best in this solution of antimony (III) and 
tin (IV) sulfate. A few drops are heated in a porcelain crucible until 
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sulfuric acid vapors are evolved. After diluting with water, the tin is 
reduced by adding a few granules of zinc ; metallic antimony is deposited 
as a black powder. A drop of the solution thus prepared is plact'd on phos- 
phomolybdatc paper. The precipitated antimony does not interfere with 
the detection of tin. 

2. Detection of Copper 

Chemical Basis: Fonnation of viixed crystals of CuHg{CNS)4 a?Hi 
ZnHg(CNS)4. Solutions of copjjer or zinc salts treated witli solutions 
of complex alkali mercuric thiocyanates such as (NH4)2Hg(CNS)4, produce 
crystalline precipitates of CuHg(CNS)4 (green) ^r ZnlIg(CNS)4 (wliitc). 
If these complex thiocyanates are precipitated separately and then mixed 
a bright green product results. If, however, solutions containing both 
zinc and copper are treated with an alkali mercuric thiocyanate and the 
complex thiocyanates coprecipitated, the result is quite different. The 
crystalline precipitate is deep violet, The abnormal color is due to the 
union of the complex thiocyanate.s, which form violet mixed crystals. 
Even very small quantities of the copper salt can produce these mixed 
crystals and so cause a characteristic alteration of the white ZnlIg(CNS)4. 

Procedure: A drop of the acidified test solution i.s placed on the spot 
plate and treated with one drop each of 1 % zinc acetate and ammonium 
mercuric thiocyanate solution. If copper is present a violet precipitate 
of zinc mercuric thiocyanate will be obtained on mixing with a fine glass rod, 
After the precipitate has settled on the white background the coloration 
can be detected easily, even though only minute quantities of copper arc 
present. If the test appears uncertain, it is well to repeat the attempt 
with smaller quantities of zinc and compare the result with a blank test. 
The ammonium mercuric thiocyanate solution contains 8 g. HgCb and 9 g. 
NH4CNS in 100 ml. water. 

lAmit of Identification: 0,1 7 copper. 

Concentration lAmit: 1 : 500 , 000 . 

A'p'plicalion in the presence of other materials: Iron (III) salts form a red 
solution with thiocyanate, and they also color ZnHg(CNS)4. The precipi- 
tate cannot be decolorized even by long continued vva.shing with water. 
This interference can be avoided if an alkali fluoride is added to the acid 
solution before the precipitation is made. The complex FeF^ ion is 
formed; it does not react with thiocyanate ion. Cobalt and nickel salts 
also interfere because they form green CoHg(CNS)4 and blue NiHg(CNS)4, 
which mask the copper reaction. If copper is to be detected in mixtures 
containing cobalt and nickel also, it is best to treat the acidified solution 
wth hydrogen sulfide and ignite the mixture of sulfides. The residue is 
dissolved in dilute nitric acid and the test then carried out. 
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3. Detection of Magnesium 

Chemical Basis: Formation of an adsorption compound of magnesium 
hydroxide and iodine. Freshly precipitated magnesium hydroxide is turned 
deep lirown by iodine + potassium iodide solution. The color is discharged 
on digestion with solvents which dissolve iodine (potassium iodide, alcohol, 
other organic solvents), or on the addition of sulfite or thiosulfate. The 
system therefore obviously presents an adsorption of free iodine on 
Mg(OH) 2 , which can also adsorb many other materials, particular dyes, 
with intensification or modification of the color (cf. p. 7). This same 
adsorption compound UJcemse results if magnesium hydroxide is precipi- 
tated in the presence of free iodine. The most favorable conditions for 
this arc attained in dilute magnesium solutions when iodine-iodide solu- 
tions, decolorized with caustic alkali just before the precipitation, are used. 
This hypoioclite solution presents the equilibrium: 

2 I -j- 2 OH- I- -f 10- -h HjO. 

Hydroxyl ions are removed from the solution by the precipitation of 
Mg(()H )2 and the free iodine required for the adsorption is thus made 
available. The use of freshly prepared hypoiodite is further necessitated 
because on long standing the reaction: 

3 10" ^ lOr + 2 I- 

occurs, and this consumes the hypoiodite ions furnishing the iodine. 

Procedure: A drop of the neutral or acidified test solution is treated on 
a spot plate successively with one microdrop of 1 N potassium hydroxide 
and 1 N iodine solution. The three drops are then mixed with a thin 
glass rod. The solution should have a distinct brown color (free iodine) 
and consequently more iodine solution (1 A in 20 per cent KI) should be 
added if necessary. After about one minute, 1 N alkali is added from a 
micropipette until the solution has become lemon yellow. If magnesium 
is present brown flakes of the iodine adsorption compound can be seen 
in the yellow solution. If very small quantities of magnesium are sus- 
pected it is best to run a blank test. 

Identification lAmit: 0.3 t magnesium. 

C oncentration Limit .*1:1 65 ,000 . 

Application in the presence of other materials: The hypoiodite reaction is 
quite selective for magnesium. It is impaired by the presence of metal 
ions which form colored hydroxides, and by considerable quantities of 
reducing agents and ammonium salts. In the latter cases, it is best to 
evaporate one or twm drops of the sample in a porcelain crucible, ignite, 
take up the ignition residue in dilute acid, and make the test on this 
solution. 
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4. Detection of Mercury 

Chemical Basis: Formation of red Cu 2 Hgl 4 . If an equimolar mixture 
of white cuprous iodide and red-yellow mercuric iodide is suspended in 
water and heated the color deepens because the two iodides unite to form 
the dark red slightly soluble iodide Cuallgli. This compound is also 
formed when solutions of mercuric salts react with cuprous iodide suspended 
in them : 


d" 2 Cuili CuiHgl4 -j- 2 

This reaction can be utilized as the basis of a spot test for mercury. It is 
better to use reagent paper iraijregnatcd with whfte slightly soluble Cujls, 
on which a color change due to the formation of tlie complex iodide is 
easily noticed. 

Procedure: A drop of the neutral or slightly acid test solution is placed 
on filter paper impregnated with Cu 2 l 2 . A pink to red coloration develops 
according to the quantity of mercury present, Cu]n-ous iodide paper is 
prepared by soaking filter paper in CUSO 4 solution and then dipping it into 
a warm solution of KI containing H 2 SO 3 . When washed and dried, the 
paper is stable. 

Identification Limit: 0.03 y mercury. 

Concentration Limit: 1:1,600,000. 

Application in the presence of other materials: Palladium, whici) forms 
black Pdl 2 , also reacts under the foregoing conditions. Considerable 
quantities of bismuth salts (more than 500 mg. per liter) form brown 
Bilg. The sensitivity of the test is lower if the acidity exceeds 0.1 A. 

5. Detection of Bismuth 

Chemical Basis: Formation of slightly soluble red BiCr(CNS)6. If bis- 
muth salts, in mineral acid solution, are treated with an aqueous or alcoholic 
solution of complex potassium chromic thiocyanate and warmed, a crystal- 
line brick red precipitate of bismuth chromic thiocyanate is formed: 

Bi^ + Cr(CNS)«— BiCr(CNS)4. 

Procedure: A microdrop (0.012 ml.) of the test solution is placed on 
filter paper and dried over a heated asbestos plate or in a current of warm 
air. A drop of 3 per cent alcoholic solution of K 3 Cr(CNS )6 is then applied, 
the drying repeated, and a drop of sulfuric acid (1:2) adrlcd. A brick red 
spot or ring is produced, depending on the quantity of bismuth present. 
Identification Limit: 0.4 7 bismuth. 

Concentration Limit: 1:31,000. 

Application in ike presence of other materials: This test for bismuth is 
quite selective as, under these conditions, analogous complex thiocyanates 
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are formed only by mercury, silver, thallium, and lead. Their products, 
however, are not as highly colored, being pink or yellow. 

6. Detection of Hydrazine and Hydrozylamine 

Chemical Basis: Reduction of phosphomolybdic add. Hydrazine and 
hydroxy lam ine are frequently used as reducing agents. The actions may 
be represented; 

2 NTIjOH -4- 0 -» N, 4- 3 HjO 
N*Il4 + 20 N 2 + 2 H,0. 

Hydrazine is the stronger reducing agent of the two; this fact is exhibited 
untlor suitable condition^ in its behavior toward phosphomolybdic acid, 
Hoth hydroxylamine and hydrazine will reduce phosphomolybdic acid to 
“molybdenum Idue” in acetic acid solution (cf. p. 101). When heated, the 
sulfates of both bases react in the same manner upon phosphomolybdic 
acid, ljut at different rates. In the cold, however, only hydrazine sulfate 
elTectH this reduction, while hydroxylamine sulfate does not react. 

Procedure: A drop of weakly acidified hydrazine sulfate solution is 
placed in a depression of a spot plate and treated with a drop of 5 percent 
aqueous solution of phosphomolybdic acid. On standing, the color 
changes, depending on the quantity of hydrazine, through green yellow 
and green to ])!ue. A parallel test with a drop of water is recommended if 
the quantity of hydrazine is small. 

Identification lAmil: 1 7 hydrazine. 

Concentration Limit: 1:50,000. 

Application in the presence of other materials: Since this test is based 
solely on the difference in the redox potentials of hydrazine and hydroxyl- 
amine, other stronger reducing agents, such as iron (II), antimony (III), 
tin (II), or sulfite, must be absent. It should be noted also that potassium 
and ammonium salts react with phosphomolybdic acid to produce yellow 
crystalline precipitates, which are not affected by hydrazine. Conse- 
quently, the reduction of phosphomolybdic acid by hydrazine is 
especially recommended as a simple means of differentiating it from 
hydroxylamine. 


7. Detection of Hydrazoic Acid 

Chemical Bads: Formation of silver or ferric azide. Aqueous solutions 
of hydrazoic acid or its alkali salts react toward silver nitrate in much 
the same manner as halide solutions. Silver azide, AgNj, precipitates. 
This does not dissolve in acid, but is soluble in ammonia, from which it 
can be rc-precipitated by dilute nitric acid. Azide ion resembles thio- 
cyanate ion particularly, because it also forms a soluble red ferric salt, 
FeNj, which, like ferric thiocyanate, is quite soluble in ether. 



SPOT TESTS WITH INORGANIC REAGENTS 


107 


The great volatility of hydrazoic acid, which can be expelled from its 
aqueous solutions even at 37®C., makes it possible to distinguish between 
azides and halides. Because of this volatility it can bo isolated from ail 
halogen hydracids and tested separately. 

Procedure: A drop of the test solution is brought into the lower part of 
the apparatus (Fig. 25) described on p. 51, and treated with one or two 
drops of dilute hydrochloric acid. A drop of dilute silver nitrate or ferric 
chloride solution is placed on the glass knob of the stopper, the apparatus 
is closed, and warmed slightly on the heating block {p. 46). A turbidity, 
or the development of a red color, shows the presence of hydrazoic acid. 

Identification Limit: 5 y sodium azide. 

Concentration Limit: 1 : 10,000. 

Application in the presence of other materials: The test is specific for 
azide. Any interference due to sulfides, sulfites, or thiosulfates which are 
decomposed by acids and so give rise to Ag 2 S or Fe (II) salt can be avoided 
if the test solution is subjected to a preliminary oxidation by adding 
several drops of 3 per cent hydrogen peroxide. The hydrogen peroxide 
must be neutral; if necessary it should be shaken with calcium carbonate 
before it is used. 


S. Detection of Carbonic Acid 

Chemical Basis: Dccolorization of a sodium carbonate solution cMniaining 
phenolphthakin. Soluble carbonates arc alkaline to phcnolpfithalein in 
contrast to bicarbonate solutions, which arc neutral toward this indicator. 
Consequently, a solution of Na 2 C 03 becomes red on the addition of phenol- 
phthalein, whereas NaHCOs solutions remain colorless. Accordingly, a 
dilute carbonate solution colored with phenolphthalcin is rapidly de- 
colorized when carbon dioxide is passed through it: 

NajCO, -H CO, -j- 11,0 2 NallCO,. 

This fact forms the basis of a rather sensitive test for carbonates. The 
carbon dioxide liberated from them by acids is caught in a dilute solution 
of sodium carbonate colored red with phenolphthalein, and the discharge 
of the color constitutes a distinct test for this gas. 

Procedure: The gas evolution apparatus (Fig. 25) described on p. 51, 
is charged with one or two drops of the test solution, or as much of the solid 
substance as covers the tip of a knife blade, and then three drops of 2 AT 
sulfuric acid introduced. The apparatus is then closed with the stopper 
after a drop of sodium carbonate reddened with phenolphthalein has been 
placed on it. The color will be discharged immediately or after standing 
a short time, depending on the quantity of carbon dioxide released. It is 
best to carry out a blank test in a second apparatus to eliminate the 
possibility of false conclusions due to the carbon dioxide of the air. The 
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reagent is prepared by adding 2 ml. of 0.5 per cent alcoholic solution of 
phenolphthalein to I ml. of sodium carbonate solution and then adding 
10 ml. of water. 

Identification lAmil: 4 y carbon dioxide. 

Concentration Umit: 1 : 12 , 500 . 

Application in the presence of other materials: The decolorizing reaction 
just described constitutes an unquestionable test for carbonates only in 
the absence of other materials which are decomposed by acids to evolve 
volatile acids. Coasequcntly, if cyanides, azides, sulfides, sulfites, thio- 
sulfates, and nitrites are present it is necessary to convert them into acid- 
resistant compounds by^ appropriate salt fonnation or by oxidation. The 
necc.ssary reactions can be carried out in the evolution apparatus itself 
before liberating the carbon dioxide. 

Cyanides and azides arc converted into acid-resistant AgCN or AgNa 
by adding several drops of saturated silver nitrate solution. It is then 
possible to detect 5 y carbon dioxide in the presence of 2500 times this 
quantity of cyanide or azide. 

Sulfides^ sulfites, and thiosulfates are rendered non-interfering by the addi- 
tion of several drops of hydrogen peroxide, which oxidizes them quantita- 
tively to sulfate. In this way, 5 y carbon dioxide can be detected in the 
presence of 10,000 times this quantity of K2S or NasSOs and of 20,000 times 
this amount of Na2S2()3. 

Fluorides can be converted into acid-resistant ZrFe ions by adding 
concentrated zirconium chloride solution. It is possible then to detect 5 7 
carbon dioxide in the iircsence of 1,000 times this quantity of K2F2. 

Nitriles are rendered non-interfering by the addition of aniline hydro- 
chloride, which consumes the interfering nitrous acid quantitatively 
through diazotization of the aniline. In this way, 5 7 carbon dioxide can 
be detected in the presence of 1,000 times this quantity of KNO2. 

Formates and acetates in considerable quantities interfere with the 
carbonate test by liberating the respective acids. The only feasible 
method of avoiding this complication is to precipitate calcium carbonate 
and test this separately. This may be done by placing the test solution 
in the bulb of the gas evolution apparatus and adding calcium chloride 
solution. Even minute quantities of the precipitate can be collected by 
centrifuging if the bulb, together with its liquid contents, is placed in a 
centrifuge tube. 


9. Detection of Nitrate and Nitrite 

Chemical Basis: Formation of nitroso-ferrous sulfate. Oxidation in acid 
solution by nitrates or nitrites always produces nitric oxide: 

2 HNO» 11,0 -I- 3 0 -h 2 NO. 

2 HNOi -* H,0 -h 0 + 2 NO. 
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Nitric oxide combines v\ith iron (II) to form the FeNO"*"*' ion, which 
is stable for some time at room temperature in concentrated acid solution. 
If, therefore, solid ferrous sulfate is used to reduce nitrate or nitrite in acid 
solution, the ferro-nitroso compound will fonii a brown ring around the 
unaltered ferrous sulfate. The reactions in the case of nitrates can be 
represented : 

3 IIXO, + 6 FeS04 + 3 HtS04 3 FejlSOi), + 4 HjO + 2 NO. 

2 FeSOi + 2 NO 2 lFeN0jS04. 

Nitrites behave similarly. 

Because of the ease with which nitrites are decomposed b}^ acids, this 
“ring test” can be carried out even in acetic •acid solution, Nitrates 
require the addition of concentrated sulfuric acid. Consecpicntly, nitrites 
can be distinguished from nitrates by the formation (^f FoNO^"*' ion in 
acetic acid solution, while nitrates can be identified in the presence of 
nitrites because the brown ring fonned in acetic acid solution is intensified 
if concentrated sulfuric acid is added. It should be noted in this connec- 
tion that even pure nitrites always contain some nitrate because of partial 
auto-oxidation. 

Procedure: A crj^stal of ferrous sulfate, the size of a pin head, is treated 
in a depression of a spot plate with a drop of the test solution and then a 
drop of concentrated sulfuric acid is flowed in from the side, A brown ring 
around the ferrous sulfate crystal shows the presence of nitrate. 

A drop of concentrated acetic acid is substituted for the sulfuric acid 
when testing for nitrite. 

Identification Limit: 2.5 y nitric acid. 

Concentration Limit: 1 : 20,000. 

Application in the presence of other materials: Iodides and bromides inter- 
fere because they give off iodine or bromine. It is necessary, then, to 
remove the halide ions by precii)itating the corre.sponding silver salts by 
means of a saturated .solution of silver sulfate or acetate. Tlie sensitivity 
of the test is lowered by large quantities of chlorides because of the forma- 
tion of nitrosyl chloride, NOCl. In addition, cyanides, fcrrocyanides, 
thiocyanates, chromates, sulfites, thiosulfates, and iodates interfere because 
they react with ferrous sulfate and concentrated sulfuric acid and give 
rise to phenomena which make it more difficult to recognize the character- 
istic FeNOS 04 ring. Molybdates or tungstates interfere because they are 
reduced to colored lower oxides by ferrous sulfate. 

10. Detection of Hydrogen Peroxide and Peroxides 

Chemical Basis: Conversion of lead sulfide to lead sulfate. Black lead 
sulfide is converted into the white sulfate, which is not soluble in water, 
by the action of hydrogen peroxide and peroxides: 

PbS + 4 H,0, PbSO* -I- 4 H,0. 
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Precipitated lead sulfide, if dried and pulverized, reacts quickly with acid, 
neutral, and alkaline solutions of hydrogen peroxide. The conversion into 
sulfate is best seen if filter paper impregnated with lead sulfide is used. 
In this way, the quantity of lead sulfate can be kept so small that a white 
speck surrounded by gray appears when a drop of hydrogen peroxide is 
placed on the reagent paper. 

Procedure: A drop of the slightly acid test solution is placed on dry filter 
paper impregnated with lead sulfide. This is then held over a heated 
asbestos mat for a short time. A white spot or ring appears on the black 
or gray paper, depending on the quantity of hydrogen peroxide or peroxide. 

The lead sulfide paper is prepared as follows; Strips of filter paper 
(Schleicher and Schull, fiOl ; or Whatman, drop reaction paper 120) are 
moistened with 0.05 ix;r cent (or more dilute) lead acetate solution, ex- 
posed to a current of hydrogen sulfide and dried in a vacuum desiccator. 
This reagent paper can be kept for a long time if stored in brown glass 
containers, 

Idenlificatio7i Limit: 0.04 7 hydrogen peroxide. 

Concenlraiion Limit: 1:1,250,000. 

Application in the presence of other materials: It should be noted in ap- 
plying this test for hydrogen peroxide that lead sulfide is oxidized to lead 
sulfate in acid solution by all strong oxidizing agents (chlorate, perchlorate, 
bromate, iodate, periodate, nitrate). Only bromate, iodate, and periodate 
accomplish the oxidation in alkaline media. 

11. Detection of Halide and Similar Ions 

Three different procedures for preliminary tests for halide and similar 
ions will be given. They can also be used to distinguish between certain 
groups of these ions. The procedures described in (a) and (b) have simple 
chemical bases. In contrast, the procedure described in (c) involves not 
only chemical reactions, but also adsorption and photochemical processes 
which can be seen only if the test is carried out as a spot reaction on paper. 

(a) Detection of Chloride, Bromide, Iodide, Cyanide, Thiocyanate, Ferrlcyanlde 

Chemical Basis: Reaction mih silver ferrocyanide in the presence of ferric 
salt. White silver ferrocyanide is only slightly soluble in water, but it 
dissolves to a measurable extent. The dissolved portion, as is true in the 
case of all slightly soluble compounds, is in equilibrium with the solid phase, 
and also with the ions: 

Ag,Fe(CN), Ag.Fe(CN}e 5=^ 4 Ag+ Fe(CN)« , 

(solid) (dissolved) 

The equilibrium concentration of Fe(CN )6 ions is so small that only a 
minute quantity of Prussian blue (ferric ferrocyanide) forms on the addi- 
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tion of a dilute ferric solution. If a ferric solution which ha.s been treated 
with potassium fluoride is used no reaction at all ensues, because the 
concentration of ferric ions has been so greatly reduced through the 
formation of complex FePV ions, that they, togetlicr with the 

Fe(CN)« ions present in the solution, do not exceed the solubility 
product of Prussian blue. If, however, a mixture of Ag 4 Fe(CN)« and 
FeF7 ions is treated with a halide whose silver salt is less soluble than 
silver ferrocyanide, the equilibrium Ag+ ions will be withdrawn, and the 
concentration of Fe(CN)a' ions thus raised to the extent that Prussian 
blue can be formed even with solutions containing FeF7 ions. This 
precipitation of Prussian blue through disturbance of the equilibrium can 
serve as a preliminary test to detect the presence of soluble chlorides, 
bromides, iodides, cyanides, thiocyanates, and fcrricyanides. 

Procedure: A little silver ferrocyanide suspension is placed in a depres- 
sion of a spot plate and one drop of the acid or neutral te-st solution is then 
added, followed by one drop of ferric fluoride solution. The white silver 
salt turns blue immediately, if halide ion is present. If only minute 
quantities of halide are suspected, a droplet (the size of a pin head) of the 
silver ferrocyanide suspension should be used. It is best to confirm the 
test by a blank. 

The reagents are prepared as follows. Silver ferrocyanide suspension: 
Silver nitrate solution Ls treated with excess pota.ssium ferrocyanide; the 
precipitate is washed ^vell by decantation, susjxjnded in water, and a few 
drops of sulfuric acid and methyl orange added. The suspension is stable 
if .stored in the dark. 

Ferric fluoride solution: 1 per cent ferric nitrate solution is treated drop- 
wise mth concentrated potassium bifluoride solution until the yellow color 
is dLscharged. 

Identification lyimit: Cl " Br"* I" Fe(CN) “ 

3.0 7 2.5 7 2.0 7 2.5 y 

Concentration Limit: 1:16,600 1:20,000 1:25,000 1:20,000 

Application in the presence of other materials: The foregoing test merely 
indicates the presence of ions whose silver salts are less soluble than silver 
ferrocyanide. It docs not distinguish between these ions. Azides, 
chlorates, bromates, iodates, perchlorates, and periodates do not react, 

(b) Detection of Chloride, Bromide, Iodide, Cyanide, Thiocyanate, Azide, 
Ferrocyanide, Ferrlcyanlde 

Chemical Basis: Reaction with siber chromate. Silver chromate under- ’ 
goes a double decomposition with halides (Hal) : 

AgiCrOi + 2 Hal' 2 Agllal + CrOr'. 

This reaction is easily detected by the disappearance of the red brown 
silver chromate if a drop of the halide solution is placed on filter paper im- 
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pregnated with silver chromate. A white spot or ring- results. Paper of 
varying concentrations of silver chromate can be prepared; weakly impreg- 
nated papem are best for detecting small quantities of halide. 

Procedure: Thick filter paper (Schleicher and Schiill, 601) is immersed 
in an ainmoniacal solution of silver chromate, [Ag(NH3)2l2Cr04, the excess 
litjuid drained off, and the paper dried in a current of warm air. Because 
of volatilization of the ammonia, very finely divided pure silver chromate is 
deposited in the capillaries of the paper on the side turned to the warm air. 
Silver chromate paper is not stable; when stored, particularly in direct 
daylight, partial reduction ensues, and is revealed by discoloration. 

A drop of the neutral ^or acidified (acetic acid) test solution is placed on 
freshly prepared silver chromate paper. If considerable quantities of halide 
are present a white or yellow spot appears immediately ; smaller quatities 
produce a smaller white ring. 

The silver ammine chromate solution is prepared thus: 0.2 g. Ag2Cr04 
is dissolved in concentrated ammonia and made up to 100 ml. with water. 

Identification Limit: Ch Br” 1“ CNS^ 

2.5 7 5.0 7 5.0 7 10.0 7 

Concentration lArnii: 1 : 20,000 1 1 10,000 1 : 10,000 1 : 35,000 

(c) Detection of Chloride, Bromide, Iodide In the Presence of Other Halides 

Chemical Bam: Photolysis of silver halide and 7iuclear action. Certain 
silver halides (AgCl, Aglir, Agl) when exposed to the light arc partially 
reduced and form violet to dark brown products that are known as photo- 
or Bubhalides of silver. The conversion of silver halide into a subhalide, 
which can be detected much more readily, occurs eyen in daylight. This 
photolysis proceeds more rapidly if the silver halide is finely divided and 
is exposed to the rays of a quartz lamp. Both of these conditions can be 
realized if tlie reaction is conducted as a spot test. 

The silver lialide, which is to be subjected to photolysis, is prepared best 
by procedure (1)) that is l)y placing a drop of the test solution on silver 
chromate paper. The spot is held over ammonia water, and the silver 
chromate remaining in the zone moistened by the drop is thus converted 
into [Ag(NH3)2]2Cr04. INlost of this is removed by washing with water, 
l)ut a complete removal is not possible since the paper always retains some 
silver salt by adsorption. If the moist paper is now exposed to direct 
sunlight, or still better, to the rays of a quartz lamp, brown spots will 
appear in a few minutes at the place where silver halide was formed. 

The activity of iodide and bromide is quite obvious since Agl and AgBr 
arc insoluble or only slightly soluble in ammonia, and consequently, they 
remain on the paper after the treatment with ammonia and the washing, 
and are available for the photolysis. In contrast, the reason for the 
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similar behavior of silver chloride is not immediately apparent, since this 
salt is easily soluble in ammonia, and consequently should be removed when 
the paper is washed. This seemingly abnormal behavior can be explained 
as follows. WTien silver chloride is formed on the silver chromate paper in 
daylight, silver subchloride is also produced because of the fine state of 
division of the chloride. The subchloride, or the free silver contained in it, 
is not soluble in ammonia and remains after the paper is washed and, 
like AgBr and Agl, is further reduced under the (piartz lamp. This 
explanation can be checked quite simply. If the spotting of the silver 
chromate paper (formation of AgCl) and the subsequent treatment with 
ammonia and washing are done in the dark roqjn where no silver sub- 
chloride can form, not the slightest reduction occurs when the test spot is 
illuminated under the quartz lamp. 

The reduction spots produced by ultraviolet light are not due solely to. the 
reduction of silver halide. The photohalidcs formed by tlie photolysis 
of AgCl, AgBr, and Agl act also as nuclei for the reduction of the silver or 
silver-ammine ions adsorbed on the paper or on the silver halide. These 
centers thus accelerate the reduction of these ioas in the ultraviolet light. 
An experimental proof of this action is provided if a droj) of strong potas- 
sium bromide solution is placed on paper uupregnated with only a little 
silver chromate. In this case all of the silver chromate in the immediate 
vicinity is consumed in the spot reaction. The action of ammonia, wash- 
ing, and irradiation then results in no brown spot, or merely in a slight 
brown border at the extreme edges of the spot, that is, in the direct neigh- 
borhood of unrcacted silver chromate. 

Procedure: Filter paper (S. and S., 589) is soaked in a strong .solution of 
silver-ammino-chromate, drained, and dried in a current of wann air. 
A drop of the neutral or slightly acid (acetic acid) te.st solution is placed on 
the brown paper and exposed to rays from the quartz lamp for one minute 
to convert part of the silver chloride to subchloride. The spot is then 
exposed to ammonia until all of the paper moistened by the liquid ha.s 
become bright yellow (formation of silver-ammino-chromate). The 
paper is w^ashed slightly with W'ater, placed on a glass plate or slide and 
irradiated with a quartz lamp. If the sample contains chloride, bromide, 
or iodide, a brown spot or ring wall appear within a few minutes. 

The silver-ammino-chromate solution is prepared thus: 1 g. AgjCrOi 
is dissolved in concentrated ammonia and diluted to 100 ml. with water. 

Identification Limit: 0.3 7 Cl"" or Br“ or I~. 

Concentration Limit: 1:167,000. 

Application in the presence of other materials: Only silver chloride, 
bromide, and iodide are photochemically reduced under the foregoing 
experimental conditions. Consequently, these halides can be detected 
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even in the presence of other ions precipitable by silver ions. The activity 
of AgCl can be nullified, so that bromide and iodide can be detected in 
chlorides, if the spotting of the silver chromate paper, the treatment with 
ammonia and the washing are carried out in the dark room. 

B. Spot Reactions with Organic Reagents 

The use of organic reagents in spot test analysis involves, for the most 
part, the formation of mixed inorganic-organic reaction products. The 
organic compounds may participate in such reactions in three different 
ways. First, normal salts may be fonned by inclusion of the inorganic 
material to be detecteij in the cationic or anionic part of the compound. 
Such salt formations involve principal valences; the reactions are useful for 
spot testing if the product is colored, or slightly soluble, or both. Organic 
reagents are used much more frequently, however, to combine with the 
material being sought to form a complex compound. In this type of reac- 
tion the ability of organic compounds to form inner complex compounds is 
particularly important. These compounds are salt-like products, in which 
a metal or an inorganic radical replaces an acid hydrogen, and in addition 
is bound to a second atom of the organic molecule by an auxiliary valence. 
Five or six membered ring systems are thus produced, and frequently they 
are responsible for the color and/or abnonnal solubility relationships. The 
binding of an organic molecule through auxiliary valences alone, so that 
it becomes the neutral portion of the product (addition compound), can 
produce analogous effects. Adsorption compounds, in which the adsorp- 
tion is accompanied by a deepening of the color of the adsorbed material, 
also belong in this category. The third valuable factor in the use of organic 
reagents is the ability of certain compounds to exhibit definite color changes 
when they are oxidized or reduced by inorganic materials. Frequently, 
even minimal quantities of the oxidizing or reducing agent can be detected 
in such cases. 


1. DIPICRYLAMINE 

Dipicrylamine (hexanitro-diphenylamine) is a bright yellow crystalline 
compound, only slightly soluble in water and acids. The weak basic 
character of its parent compound, diplienylamine, has been completely 
dissipated by the entrance of six nitro groups and has been exchanged for 
an acidic character, which is exhibited in the solubility of dipicrylamine in 
sodium hydroxide or sodium carbonate solution. This salt formation, how- 
ever, is not due to the replacement by sodium of the hydrogen atom of the 
imine group (=NH), but results from a preliminary rearrangement in which 
this hydrogen migrates and forms an =N02H group. This functions as 
the real acidic group and forms the salts. The transformation of the yellow 
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“baso form” (I), which is insoluble in water, into the orange red soluble 
“aci form’' (I I), from which the salts are derived, is brought about by 
hydroxyl ions and can be reversed by hydrogen ions. Consequently, the 
tautomeric forms present the equilibrium : 


0,N NO, 



0,N NO, 


(I) 

0 



0,N NO, 
(II) 


It should be noted that the two forms of tlipicrylamine differ by more than 
the development of an =N02H group. The rearrangement of tlio molecule 
results in a chain of conjugated double bonds and also in an orthoquinoid 
linkage. The accumulation of conjugated double bonds and the ortho- 
quinone formation have a chromotropic (color intensifying) effect which is 
shown, in this case, by the change from yellow to orange red. 

The orange red sodium salt has the aci structure (II). This is also true 
of all the other salts of dipicrylamine obtainable as orange-red precipitates 
by treating their solutions with a solution of the alkali suit (Na, K, Cs, 
Rb, TI salt). 

The solubility of dipicrylamine and its salts in aliphatic and aromatic 
nitro compounds (nitromethane, nitrobenzene, etc.) is noteworthy. This 
is an example of the heightened solubility frequently encountered when 
the solvent and solute arc similar. The nitro groups are responsible for 
the effect in this instance. 

Detection of Potassium 

Chemical Bads: Formation of acid-siahle potassium dipicrylamine. 
Orange-red, crystalline potassium dipicrylamine, slightly soluble in water, 
is produced as a precipitate by the action of a w^atcr solution of sodium 
dipicrylamine on neutral solutions of potassium salts. The potassium salt 
is not only less soluble than the sodium salt but is also more resistant to 



116 


INORGANIC ANALYSIS 


dilute mineral acids. The sodium salt, in contrast, is decomposed by acids, 
with formation and precipitation of bright yellow dipicrylamine (baso- 
form). Despite the stability of the potassium salt toward dilute acids, it 
cannot be precipitated front an acid solution of dipicrylamine because the 
precipitation requires the presence of the aci form. This exists, however, 
only in the sodium salt, which is obtained by dissolving dipicrylamine in 
dilute sodium hydroxide or carbonate. 

Procedure: A drop of the neutral test solution is placed on dry filter 
paper impregnated with sodium dipicrylamine and dried in a current of 
lieated air. The orange reagent patjcr is then bathed in 0.1 N nitric acid 
until the paper turns bpght yellow. A red spot or ring remains on the 
bright yellow pap(>r if potassium is present. If small quantities of the 
latter arc involved the paper should be placed in water after the acid treat- 
ment to avoid a too lengthy action of the acid. 

Dipicrylamine paper is prepared by soaking strips of filter paper (S. and 
S., 598) for several minutes in a solution of sodium dipicrylamine. The 
solution is obtained by dissolving 0.2 g. dipicrylamine in 2 ml. of 2 A sodium 
carbonate, diluting with 15 ml. water and filtering. The c.xccss solution is 
allowed to drain off and the paper is dried in a current of heated air applied 
to one side only. The paper can be kept for several weeks. The test 
solution should be placed on the more deeply colored side of the paper. 

Ideniificaiion Limit: 3 y potassium. 

Concentration Limit: 1:10,000. 

Application in the presence of other materials: Cesium and rubidium react 
similarly to potassium, as do considerable quantities of ammonium salts. 
The latter, however, can be removed completely by igniting the test speci- 
men. Small amounts of potassium cannot be detected by means of dipic- 
rylaminc if very large quantities of sodium are also present. Under these 
circumstances the solubility of sodium dipicrylamine is so low that it no 
longer reacts with potassium ion. In one drop, 10 y potassium can be 
detected positively in the presence of 120 r sodium. Although, with the 
exception of lead and mercury, di- and tri valent metals do not form in- 
soluble dipicrylamine salts, the detection of small quantities of potassium 
fails in solutions of “indifferent” salts. The reason is that sodium dipic- 
rylamine reacts alkaline because of hydrolysis: 

NaDip + HOH = NaOH + HDip 

Consequently, the metal hydroxide is precipitated and the concentration 
of dipicrylamine ions is reduced to the point where no potassium salt is 
deposited. Therefore, if potassium is to be detected in the presence of 
zinc or other metal ions which can be thrown down as hydroxides, a mixture 
of the oxides and carbonates must be prepared as a preliminary step. A 
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small quantity of this mixture is placed on the reagent paper, a drop of 
water added, dried in heated air, and the paper then bathed in 0,1 nitric 
acid. This procedure permits the positive identification of 50 7 potassium 
in the presence of 5000 7 zinc. Nitrates can tie changed into oxides or 
carbonates by evaporating the solution and igniting. Chlorides are con- 
verted into nitrates by repeated evaporation with concentrated nitric acid. 
Precipitation with barium nitrate is required in the case of sulfates. 

2. p-DIMETHYLAMINO-BENZYLIDENE RHODANINE 

Rhodanine (I) contains the silver binding — NH group. Consequently, 
it forms a white yellow silver salt, insoluble in acids or ammonia. The 
— CH2 group of the rhodanine ring is very reactiv*e. It easily undergoes 
condensation with aldehydes and ketones and then gives rise to numerous 
derivatives of rhodanine. The — NH group remains intact and retains 
its silver binding power in such condensation products. This made the 
synthesis of the first organic color reagent for silver possible. It is p-di- 
methylamino-benzylidene rhodanine (III), the condensation product of 
rhodanine and p-dimethylamino-benzaldehyde (II). 

(Ag)HN C:0 

1 I . 

S:C C,H, + 

\/ “ 

B 

(I) CII) 

(Ag)UK C;0 

I I H / \ 

S;C C:C— < V-N(CH.). 

\/ ^ ^ 

S 

(HI) 

p-Dimethylamino-benzylidene rhodanine is a brown-yellow crystalline 
solid, slightly soluble in water and quite soluble in alcohol, acetone, and 
ether. The red-violet silver salt is insoluble in water and organic solvents, 
and is stable toward acids. It owes its color to the chromotropic effect of 
the — N (CH3)2 group. 

p-Dimethylamino-benzylidene rhodanine in acid solution is not a 
specific but a selective reagent for silver, because it also forms violet pre- 
cipitates with Cu'*’, Hg^, Pd++, Pt^, and Au"^. It loses its selective 
action in ammoniacal solution, and with numerous heavy metal ions it 
forms precipitates which decompose with formation of sulfides. The 
non-specificity in ammoniacal solution arises from the fact that the — NH 




118 


INORGANIC ANALYSIS 


group is no longer present under such conditions. A tautomeric rear- 
rangement 

HN— N— 

I ^ II 

8:0— HS-0- 

occurs, and produces the — SH group, which can react with all ions that 
can form sulfides. 


Detection of Silver 

Ckmical Basis: Precipitation of silver henzylidene rhodanine. p-Di- 
mcthylamino-benzylidepe rhodanine precipitates a red violet salt from 
weakly acid silver solutions. The precipitation is slow and incomplete 
from strongly acid solutions. The test can be carried out as a spot reac- 
tion on filter paper impregnated with the reagent or as a test tube reaction. 
The latter is recommended if considerable amounts of copper salts are 
present, and also when the silver must be detected at high dilutions. 

Procedures: {!) Filter paper (S. and S., GOl) is bathed in a saturated 
solution of the reagent in acetone and dried. A drop of the weakly acid 
test solution is applied. A red-violet precipitate or color appears, de- 
pending on the quantity of silver present. A positive result is easily seen 
even with minute quantities of silver, despite the yellow-brown color of the 
reagent. After the reaction has occurred, the filter paper can be bathed 
in acetone, which dissolves the unused reagent; the red-violet silver salt 
remaining behind on the paper. 

(2) Several drops of the reagent solution are added to 1 to 5 ml, of the 
solution to be tested. Several minutes later the mixture is shaken with 1 
or 2 ml. of ether. The unused reagent passes quantitatively into the ether 
layer, which becomes yellow; the silver salt forms a violet film at the water- 
ether interface and thus becomes easily visible. 

Identification Limit: 0,02 y silver in 0.05 ml. 1 y silver in 5 ml. 

Concentration Limit: 1 : 2,500,000 1 : 5,000,000 

Application in the presence of other materials: In acid solution p-dimethyl- 
amino-benzylidene rhodanine also reacts with mercury, gold, platinum, 
and palladium salts. 

The interference by mercury salts can be obviated as follows: the reac- 
tion is carried out on reagent paper, where both the mercury and the silver 
salt of the reagent are formed. The spot is then treated with several drops 
of dilute hydrochloric acid or ammonium chloride. These dissolve the 
mercury salt, forming slightly dissociated mercuric chloride, leaving the 
silver salt unchanged. 

If silver is to be detected in the presence of gold, platinum, or palladium 
salts, a drop of the weakly acid test solution is placed on a spot plate 
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and mixed with one drop of 10 per cent potassium cyanide solution (forma- 
tion of cyanides). One drop of reagent solution is then added, and the 
mixture acidified with dilute nitric acid (1:4). A pink coloration indicates 
the presence of silver. The test for silver by this cyanide method is valid 
only if copper is absent. Otherwise cuprous cyanide is formed which gives 
a reaction similar to the silver test v^ith p-dimethylainiiio-benzylidene 
rhodanine. 


Demonstration of the Reduction of Cupric Saits by Filter Paper 

It is well known that cuprous salts are quite similar to silver salts with 
regard to the formation of slightly soluble compoqpds. This has just been 
shown to be true also of the reaction with p-dimethylamino-bcmzylidene 
rhodanine. Consequently, this reagent can be used as a sensitive test for 
copper, if it is reduced to the cuprous state by treating the test solution 
with potassium cyanide or sulfur dioxide. 

If a drop of neutral copper sulfate solution is allowed to stand in contact 
with filter paper for a short time reduction to cuprous salt occuns. Sub- 
sequent spotting with p-dimcthylamino-benzylidenc rhodanine and bathing 
in acetone leaves a red fleck of cuprous benzylidene rhodanine on the paper. 
The spot is more intense the longer the copper solution has been in contact 
with the paper; gentle wanning also accelerates the reduction. It is well 
to run a parallel experiment on a spot plate with one drop each of the copper 
solution and of the reagent. A neutral copper solution that has not been 
in contact with paper does not react with p-dimethylamino-beiizylidcne 
rhodanine. 


3. a.a^DIPYRrDYL AND «,a'-PHENANTiIROLINE 


The weak organic bases a,a'-dipyridyl (I) and a,a'-phcnanthro]ine (11) 



(I, a, a'-Dip) 


(n, a, a'-Pben) 


are only slightly soluble in water but dissolve easily in dilute acids, forming 
the corresponding salts. Solutions of the chlorides or sulfates are of in- 
terest for spot testing because ferrous ions form extremely stable deep red 
complex cations with three molecules of either (I) or (II), Ihese cations 
are stable toward dilute acids, alkalies and, in the cold, even ammonium 
sulfide. Hence, even acid ferrous solutions react with the chloride or 
sulfate of these bases. The stability and color of the complex ions is due 
to the five membered rings formed through auxiliary valences. 

Ferrous dipyridyl and ferrous phenanthroline ions can be formulated as 
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hexammine ions, in which dipyridyl or phenanthioline occupy six coordina- 
tion places on the iron atom: 



Ferric ions form no analogous complex ions by direct action. The . 
corresponding soluble blue ferric complex ions can be obtained only by 
oxidation of the previously prepared ferrous compounds. The ferric com- 
plexes, however, in contrast to the ferrous compounds, are unstable. Even 
traces of reducing agents suffico to regenerate the stable red ferrous com- 
pounds. 

The great volume or high atomicity of ferrous dipyridyl or ferrous phe- 
nanthroline ions make them good precipitants for numerous complex ions, 
such as complex cyanides, iodides, thiocyanates, and so forth. Red 
crystalline compounds, for example 


[Fe{ft,a'.Dip),][Ni(CN)4], [Fe(a,«'-Dip)iI[HgId, 

etc., are produced. The precipitation of Cdlr“ by Fe(a , a'-Dip)3+''' under 
controlled conditions makes it possible to detect cadmium with certainty. 

Detection of Iron (and Reducing Compounds) 

Chemical Basis: ForTnation of red ferrous salt of a , a' -dipyridyl {phenan- 
ikroline). Red complex cations of the hexammine ion type are formed in 
mineral acid solution by ferrous ions with orja'-dipyridyl or a,a'-phe- 
nanthroline. Ferric ions do not react with these bases. Consequently, 
ferrous iron can be detected in the presence of tri valent iron. If iron is to 
be detected without reference to its valence, preliminary reduction of the 
test solution with sulfur dioxide is essential. 

The following method is much more sensitive than the usual test for iron 
with thiocyanate. It has the further advantage that it can be applied in 
the presence of materials which interfere with the thiocyanate reaction 
(fluorides, phosphates, etc.). 

The fact that ferric salts do not react with these bases can be utilized to 
detect materials which reduce ferric salts. If stannous chloride, sulfur 
dioxide, etc., are added to a yellow acid solution containing a ferric salt and 
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a,«'-dipyridyl (phenanthroline), the ferrous salt is formed and is revealed 
immediately by the development of the red complex ion. 

Procedure: One drop of the acid test solution is treated on a spot plate 
with one drop of a 2 per cent solution of the base in dilute hydrochloric 
acid. The test may also be carried out on filter paper impregnated with a 
two per cent solution of the reagent in alcohol and then dried. A pink to 
red color develops, according to the quantity of iron present. Similarly 
colored circles or rings are formed on the paper. 

Ideniification Limit: 0.03 y iron. 

Concentration Limit: 1:1,660,000. 

Application in the presence of other materialsi The test for iron with 
a,a'-dipyridyl or a,a'-phenanthroline is specific. It is tme that other 
ammine-forming ions (Cu++, Zn++, Cd++, etc.) likewise react with these two 
bases, in weakly acid solutions, but the corresponding annnine ions, in 
contrast to the ferrous ammine ion, are not highly colored. Therefore, if 
sufficient quantities of the reagent are used, there is no interference with 
the test for iron. Although very large quantities of halide or sulfate ions 
decrease the solubility of the corresponding ferrous dipyridyl (phenan- 
throline) compounds in winter so that, under such circumstances, a red 
precipitate instead of a red coloration ensues, no real interference results. 
It should be noted, however, that the recognition of small quantities of the 
red ferrous complex compound is more difficult in highly colored solutions. 
It is then necessary to carry out a blank (comparison) test, or the solution 
under investigation is treated first with a,a'-dipyridyl (phenanthroline) 
solution and then with a drop of a solution of K 2 Cdl 4 . lied [Fc(a ,a'-Dip)j) 
[Cdli] will precipitate (sec p. 217) and can be collected by centrifuging and 
thus be made more visible. The wffiole operation can be carried out with 
one drop of test solution in a micro centrifuge tube. The KjCdli solution 
is prepared by adding an excess of potassium iodide solution to a solution 
of a cadmium salt. 

Detection of Cadmium 

Chemical Basis: Precipitation of red ferrous-aja^-dipyridyl^codmium 
iodide. Red solutions of ferrous a , a'-dipyridyl salts, or the [Fe(£r,a'- 
Dip) 3 ]++ ions contained in them, react with numerous complex anions to 
form red crystalline precipitates. The precipitability of complex cadmium 
iodide by this means is utilized in the present test. Cd"*"^ ions combine with 
excess 1“ ions: 

Cd++ + 41- Cdir " 

The complex cadmium iodide ion then combines with ferrous a, a'-dipyridyl 
ion and forms a red crystalline precipitate: 

Cdl; - + Fe(a,a'-Dip),^ IFe(a,a'-Dip),I[Cdl4l. 
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In the practical application of this precipitation reaction it is advantageous 
to prepare a reagent solution containing [Fe(a ,a'-Dip)s]+'*' ions and excess 
iodide ions. This solution contains all the ionic species required to react 
with cadmium ions to produce the foregoing complex compound: 

Cd++ + 41“ + lFe(a,a'-Dip),l'^ [FeCa,a'-Dip),][Cdl4|. 

The precipitation of cadmium is complete from ^veakly acid, neutral, or 
ammoniacal solution. 

Procedure: A drop of the reagent solution is placed on spot paper and, 
before it has a chance to be soaked up, a drop of the test solution is placed 
directly on the first drop. The reaction occurs at once. After the ab- 
sorption has taken place a spot or ring remains. Because of its intense red 
color, it can be distinguished easily from the red reagent solution retained 
in the paper. A blank test is recommended only when very small quanti- 
ties of cadmium arc suspected. 

The solutions can be brought together in a microcentrifuge tube. It is 
best to introduce a drop of the reagent into the tube first, followed by a drop 
of the test solution. The drops should not be mixed. On centrifuging, a 
red precipitate will be produced in the constricted end of the tube. 
Strangely enough, if the drops are mixed before centrifuging, the sensitivity 
of the test is considerably decreased. 

The [Fe(a,a'-Dip}3]l2 solution is prepared by dissolving 0.25 g. a,a'~ 
dipyridyl and 0.14G g. FeS0r7H20 in 50 ml water, adding 10 g. KI, 
shaking thoroughly, and filtering. The solution keeps. In case it becomes 
turbid it must be filtered before using. 

Identification lAmii: 0.05 7 cadmium. 

Concmiraiion Limit: 1:1,000,000. 

Application in the presence oj other materials: The direct use of [Fe(a,a^- 
Dip)j]l2 as a precipitant for cadmium is interfered with by metal ions which 
can form slightly soluble or complex iodides. Solutions of silver, copper, 
or lead salts form precipitates with the iodide contained in the reagent, and 
these precipitates are then colored pink by adsorption of [Fe(a,a'-Dip)3]^ 
ions. Cupric salts, in addition, liberate iodine from neutral or acid solu- 
tions. Bismuth, mercury, tin, and antimony salts foim soluble complex 
iodides which likewise combine with [Fc(a,a'-Dip)3]++ ions to form red 
precipitates. These latter reactions, however, are not so sensitive as the 
cadmium reaction. The test for cadmium can be rendered almost specific, 
despite the hindrance of iodide-forming ions, if the test solution is first 
treated with animonia, which precipitates lead, bismuth, mercury, tin, and 
antimony as hydrated oxides. The ammoniacal filtrate is then tested with 
the reagent. The Cd(NH3)4‘^ ions in the filtrate react promptly, ^vhereas 
the Cu(NH 3)4+''' ions are inactive. Only Ag(NH3)2+ ions, which may like- 
wise appear in the filtrate, can interfere, as they form silver iodide with the 
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iodide in the reagent. If, therefoife, cadmium is to be detected in the pres- 
ence of silver and other iodide-forming ions, the following procedure should 
be used. The test solution is treated with dilute hydrochloric acid and any 
precipitate removed by filtration. An excess of ammonia w'ater is added, 
any precipitate filtered off, and the ammoniacal filtrate then tested with 
the reagent. One or two drops of a test solution are sufficient for all these 
operations. They can be done in microcentrifuge tube in which the 
precipitate can easily be separated by centrifuging. 

4, DMETHYLGLYOXIME 

All 1,2-diketones, R'C(:0)-C(:0)*R', can be converted into dioximcs 
R-C(:N-OH) — C(:N-OH)-R'. These may oc(!Ur in three forms (syn-, 
am phi', anti-), which differ in the geometric orientation of the =N • OH 
groups. 

R-C-C-R 

All anti-dioximes, II II react with ammoniacal or acetic acid 
HO-N N-OH 

solutions of nickel salts, red or red yellow crystalline inner complex salts 
being precipitated. This occurs even at high dilutions. As the nature 
of the radicals R and R' has no influence, the activity of these reagents is 
-C-C- 

due to the grouping I O 

^ ^ ^HO-N N-OH 

The dioxime of diacetyl is more frequently used in chemical analysis 
than any other compound of this type. It is usually called dimethyl- 
glyoxime. This white crystalline compound is only slightly soluble in 
water, alkalies, and acids; saturated (about 1 per cent) alcoholic solutions 
are used as reagent. Dimethylglyoxime, like all other 1 ,2-<iioximc8, func- 
tions as a monobasic acid when the nickel salt is formed, that is, the hy- 
drogen atom of only one =N*OH group can be replaced by the metal. 
Recent investigations have shown that the — NOH groups of oximes 
,0 


react in the tautomeric form when the salts are formed. Accord- 

ingly, dimethylglyoxime itself, as well as its nickel salt, can be written 
as an inner complex compound, in which the acid hydrogen and the metal 
are part of a fiv e-mem bered ring linked through principal and auxiliary 
valences: 


CH, 0 

I / 

C=N 

\ 

H 

/ 

O=N(0H) 

I 

CHj 


CH, 0 CH, 

I / I 


0=N (HO)N==C 


\ / 

Ni 

/ \ 


C=N(OH) N=C 

I / I 


CE« 


CH, 0 
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Only palladium forms a salt whose Structure is like that of the nickel 
compound. However, yellow palladium dimethylglyoxime, in contrast to 
the nickel salt, is insoluble in acids and soluble in ammonia. Consequently, 
the precipitation of nickel with dimethylglyoxime from an ammoniacal 
solution is specific. It should be noted that ferrous-, copper-, and cobalt 
salts form colored soluble complex compounds with dimethylglyoxime in 
ammoniacal solution; these products do not have the structure of the nickel 
salt. 

Detection of Nickel 

Chemical Basis: Precipitation of red nickel dimthylglyoxime. Dimethyl- 
glyoxime produces a rad precipitate of inner complex nickel dimethyl- 
gly oxime from neutral, acetic, or ammoniacal solutions. This salt is so 
insoluble in water that even nickel oxide, carbonate, cyanide, and other 
very slightly soluble nickel compounds react ^vith this reagent. 

The test is very sensitive and quite selective. However, the visibility of 
the nickel dimethylglyoxime precipitate is very much lower in the presence 
of considerable quantities of materials which produce colored or slightly 
soluble compounds in ammoniacal solutions (Fe"^, Co^^, Cu++, etc.). 
Consequently, under such circumstances, special measures are necessary in 
detecting small amounts of nickel. 

Procedure: Filter paper is impregnated with a saturated alcoholic solu- 
tion of dimethylglyoxime and dried. A drop of the acid or neutral test 
solution is placed on the freshly prepared paper. Any free acid is removed 
by holding the spot over 6 N ammonia. The formation of a red fleck or 
ring is noted. 

Identification Idmit: 0.015 7 nickel. 

Concentration Limit: 1:3,600,000. 

Application in the presence of other materials: The addition of dimethyl- 
glyoxime to solutions of cobalt salts produces no precipitate because no 
cobalt salt analogous to the nickel compound exists. However, a yellow 
to brown color immediately appears, due to formation of soluble complex 
compounds of di- and trivalent cobalt. As dimethylglyoxime has a rather 
limited solubility (in alcohol about 1 per cent), solutions containing little 
nickel in the presence of much cobalt will not produce the nickel compound, 
because all the reagent is consumed by the cobalt. Under certain conditions, 
however (masking of the cobalt), it is possible to detect, with certainty, 
even traces of nickel in the presence of cobalt. The procedure, described 
in detail on p. 221 , can also be used, in its essentials, if nickel is to be detected 
in solutions containing both cobalt and iron. 

Although neither ferric nor cobalt salts form insoluble compounds with 
dimethylglyoxime when they are present separately, solutions containing 
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both of them produce a red-brown precipitate. This is a complex com- 
pound of iron, cobalt, and dimethylgly oxime; its formation can interfere 
with the detection of small amounts of nickel. However, this interference 
can be obviated by carrying out the test as follows : One or two drops of the 
test solution are warmed in a microcentrifuge tube with a solution of potas- 
sium cyanide until the precipitate which first forms has dissolved, A few 
milligrams of solid dimethylglyoxime and a few drops of formaldehyde 
solution are then added. The contents of the tube are stirred with a fine 
glass rod, and then centrifuged. If nickel is present, a red deposit api>ears. 

Detection of Nickel in the Presence of Iron 

« 

As brown hydrated ferric oxide will conceal the nickel dimethylglyoxime 
precipitated in an alkaline medium, it is necessary to prevent the precipita- 
tion of iron. An alkali tartrate is used to mask the iron. One drop each 
of the test solution, of saturated sodium tartrate, and of alcoliolic dimethyl- 
glyoxime arc placed successively on a spot plate. If nickel is present, a red 
precipitate appears, which, because of the low surface tension of the al- 
cohol, creeps to the upper edge of the liquid. 

Identification Limit: 0.5 7 nickel 1 in presence of 1000 times 
Concentration Limit: i:\00,t}00 j as much iron 

Detection of Nickel in the Presence of Copper, Cobalt, or Mansaiiese 

Dimethylglyoxime reacts with copper or cobalt salts in ammoniacal 
solution to produce a brown soluble complex compound of copi)er or cobalt. 
Manganese salts, under these conditions, are converted partially to man- 
ganese dioxide. These reactions interfere with the perception of small 
quantities of nickel dimethylglyoxime. Hence, if small amounts of nickel 
are to be detected in the presence of copper, cobalt, or managancse, the 
following method is recommended. The te.st solution should be made as 
nearly neutral as possible. A drop is then placed on dimethylglyoxime 
paper. After the drop has been soaked up, the paper is bathed in dilute 
ammonia. The colored dimethylglyoxime compounds of copper and 
cobalt dis.solve; a pink fleck remains on the w^hitc paper if nickel is present. 
The paper should be bathed in ammonium carbonate if manganese is 
present. 

Identification Limit: 0.8 7 nickel 1 in the presence of 1250 times as 
Concentration Limit: 1:63,000 /much cobalt 
Identificatim himit: 1.7 7 nickel \ in the presence of 600 times as much 
Concentration Limit: 1:30,000 / copper 

Identification Limit: 0.1 7 nickel 1 in the presence of 10,000 times as 
Concentration Limit: 1:500,000 / much manganese. 
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Detection of Hydroxylamine 

Ckemical Bam: Formation of nickel dimethylglyoxime from diacelyl- 
monoxime^ nickel salt, and hydroxylamine. An alkaline solution of hydroxyl- 
amine reacts with diacetylmonoxime to produce dimethylglyoxime. If 
this reaction occurs in the presence of a nickel salt the product will imme- 
diately function and form nickel dimethylglyoxime. Consequently, an 
ammoniacal solution of diacetylmonoxime containing nickel can act as a 
reagent for hydroxylamine; 


CII, 


CH, 0 

I / 


C=N 


c=o 

2 I -\-2 NUiOH -h Ni {mU)V 2 NH, -1- 2 NH; -h 2 Hj 0 + 

C=N-OII 


Ni 


O=N(0H) 

I 

CH. 


It is well to saturate the reagent solution (ketone plus ammoniacal nickel 
solution) with nickel dimethylglyoxime to accelerate the deposition of the 
reaction product. 

Procedure: The reagent is prepared by dissolving 1.2 g. diacetylmon- 
oxime and 0.95 g. NiCl2‘GH20 in 35 ml. hot water. After cooling, 2 ml. 
concentrated ammonia water is added. The solution is poured into 200 ml. 
of water containing 0.12 g. hydroxylamine and allowed to stand for a day. 
The precipitate of nickel dimethylglyoxime is filtered off and the red-brown 
filtrate used to prepare the paper. Filter paper is impregnated with the 
reagent solution and dried. A drop of the test solution is placed on the 
yellow paper. A more or less intense red fleck or ring of nickel dimethyl- 
glyoximc appears according to the quantity of hydroxylamine present. 

Identification Limit: 1 y hydroxylamine. 

Concentration Limit: 1 : 50,000. 

Application in the presence of other materials: As a rule, only alkalies, 
ammonium salts, or hydrazine need be considered when testing for hy- 
droxylaminc. The first two do not interfere. Large quantities of hy- 
drazine react with the reagent solution and form a red brown precipitate. 
Nevertheless, the method as described will serve for the detection of 
5 7 hydroxylamine in the presence of 300 y hydrazine. 

Detection of Palladium 

Ckemical Basis: Protective layer effect follomng reaction of nickel dimethyl- 
glyoxime with a palladium salt. If a drop of a neutral solution containing 
palladium is placed on paper impregnated with nickel dimethylglyoxiine, 
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the latter, being finely dispersed in the capillaries of the paper, mil react on 
the surface to produce palladium dimethylglyoxime. This compound is 
not soluble in acids and is able to protect any intermixed unchanged nickel 
dimethylglyoxime from attack by dilute acid. Even minimal quantities of 
palladium dimethylglyoxime, which of themselves cannot be observed, 
suffice for this protective action. As a consequence, after bathing in dilute 
acid, a red fleck will remain at the spot where a drop of a dilute palladium 
solution has been placed on red nickel dimethy!gl 3 mime paper. The rx^st 
of the paper will become perfectl^^ colorless. The reagent paper is prepared 
as described on p. 87, 

Ideniificalion Limit: 0.01 7 palladium. 

Concentration Limit: 1:5,000,000. 

Application in the presence of other materials: As only palladium salts 
undergo this double decomposition with nickel dimethylglyoxime, the test 
just described is specific. It is essential to use a neutral palladium solu- 
tion, preferably of the nitrate. 

5. DITHIO-OX.\MIDE (UUKEANIC ACID) 

If the hydroxyl groups of oxalic acid are replaced by amino groups, ox- 
amide results. The sulfur analog of oxamide, dithio-oxamido, is also known 
as rubeanic acid. 

0=C— OH 0=C~NHi S=C— NIfi 

1 I I 

0=C— OH 0=C— Nil, S=C--NH, 

oxalic acid oxamide dithio-oxamide 

(rubeanic acid) 

Rubeanic acid forms yellow-red crystals, which, in contrast to colorless 
oxamide, are soluble in alcohol, acetone, as well a.s in warm alkaline solu- 
tions. Consequently, the replacement of oxygen by sulfur in oxamide has 
not only a chromotropic effect (that is, the color is deepened) but the 
compound also becomes acidic as revealed by its solubility in alkalies. 
This acidifying effect of sulfur is often observed if oxygen compounds are 
compared with their sulfur analogs. Examples arc phenol— 

thiophenol. 

Dithio-oxaraide can act as an acid because tautomeric changes in the 
molecule can result in the development of acidic —SH groups. In alcoholic 
solution there is an equilibrium between the amide form and a sulfhydryl 
(aci) form: 

S=C— NH* HS— C=NH 

1 ^ I 2H+ + I 

S=C~NH, H8— 0=NH —S— C=*NH- 

amide form aoifonn 
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In its aci form, dithio-oxamide produces colored precipitates with several 
heavy metals. These can be viewed as inner complex compounds formed 
by binding the metal atom to the nitrogen atoms of the imid groups by 
auxiliary valences: The behavior of the aramine-forming ions (Ag+, Cu"'^, 
Cd++, Zn^, Ni"*^, Co'*"'') is of particular analytical interest. Of these, only 
the colored ions Co'''+, react. The rubeanates of these metals 
can be written: 

HN=C C==NH 

; I I ! 

is si 

! \ / i 

^ Me 

Me •• copper, nickel, cobalt 

These inner complex compounds are formed if the concentration of the aci- 
fomi of dithio-oxamide is so great that the solubility product of the par- 
ticular rubeanate is exceeded. This occum when the H+ ion concentration 
is decreased by the presence of an alkali acetate, or by adding ammonia. 
It is noteworthy that after the rubeanates have once been precipitated they 
are insoluble in dilute mineral acids. This agrees with the concept that 
they are inner complex salts. 

Detection of Copper, Cobalt, and Nickel 

Chemical Basis: Precipitation of colored rubeanates. An alcoholic solution 
of rubeanic acid precipitates the corresponding copper (black)-, cobalt 
(brown)-, nickel (violet) salt. The precipitation is due to the fact that an 
alcoholic solution of the reagent contains an equilibrium mixture of the 
tautomeric amide- and aci-fonns. The latter forms inner complex salts of 
copper, cobalt, nickel. The copper salt, because of its slight solubility, can 
be precipitated directly from an acetic acid solution. Complete precipita- 
tion of cobalt and nickel rubeanates demands, however, a higher concentra- 
tion of the aci-form of the reagent, or removal of the H''' ions. Both of 
these requirements can be effected by adding ammonia. 

Procedure: A drop of the test solution, which should be as nearly neutral 
as possible, is placed on filter paper, held above ammonia water, and then 
treated with a drop of 1 per cent solution of rubeanic acid in alcohol. A 
black, brown, or violet fleck or ring results, according to the quantity of 
copper, cobalt, or nickel present. The following values for the sensitivity 
of the tests are obtained, if the spot reaction is made with one microdrop 
(0.015 ml.) of the test solution: 

Identification Limit: 0.006 y Cu 0.003 y Co 0.012 y Ni 

Concentration Limit: 1 : 2,500,000 1 : 1 ,660,000 1 : 1 ,250,000 
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Detection of Copper in the Presence of Nickel and Cobalt 
by Capillary Separation 

Copper rubeanate is the least soluble of these salts and its solubility 
product is also the lowest. Thus, the slight concentration of the aci-form 
of rubeanic acid provided by an alcoholic solution of the reagent suffices 
to attain this value, even though small quantities only of copper are 
present, and in an acidified (acetic) solution. Under these same condi- 
tions, the nickel and cobalt salts either do not precipitate at all, or do so 
incompletely. 

In practice, the nickel or cobalt content of a test solution \vill not be 
known, and consequently, it is impossible to judge the proper quantity 
of acetic acid to be added. Therefore, this sensitive test for copper in the 
presence of cobalt and nickel cannot bo carried out in a test tube without 
danger of coprecipitating some cobalt or nickel. However, if the test is 
made on filter paper, small quantities of copper can bo detected easily by 
capillary separation, even though, large amounts of cobalt and nickel are 
present. 

Procedure: A drop of the test solution, acidified with acetic acid, is 
placed on filter paper impregnated with rubeanic acid. Two zones of 
differing acetic acid content are formed. The acid concentration is higher 
in the central zone and here copper alone is precipitated and forms an olive 
green or black circle. The nickel diffuses further and forms a blue violet 
ring around the central zone and builds up toward the middle as the acetic 
acid evaporates. The same process occurs in the presence of cobalt, except 
that the central zone is surrounded by a yellow-brown ring of col)alt ru- 
beanate. If both cobalt and nickel are present, it is still possible to detect 
the copper by this method, provided the test solution doc.s not contain more 
than two per cent of cobalt or nickel. 

Identification Limit: 0.05 y Copper I in the presence of 20,000 times 

Concentration Limit: 1:1,000,000 / as much nickel 

Idenlijication Limit: 0.25 y Copper | in the presence of 2000 times 

CoTvc^niTalioriU'mii: 1:200,000 >■ as much cobalt (in acetic acid 

J solution) 

When only cobalt is present along with the copper, a drop of the neutral test 
solution may be placed on paper impregnated with rubeanic acid. A 
central ring of copper rubeanate will then be surrounded by a concentric 
brown yellow ring of cobalt rubeanate. 

Identification Limit: 0.05 y copper 1 in the presence of ^,000 times 

Concentration lAmit: 1:1,000,000 J as much cobalt. 
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Detection of Nickel in the Presence of Cobalt, Iron, or Copper by Capillary 
Separation of the Ammine Salts 

Copper, cobalt, and nickel are completely coprecipitated from an am- 
moniacal solution by rubeanic acid. If ferric salts are present, hydrated 
ferric oxide will be precipitated and interferes with the recognition of small 
quantities of nickel rubeanate. Nonetheless, within certain concentration 
limits, nickel can be detected in the presence of these metals, by utilizing 
the diverse diffusion velocities of their ammine salts in thin paper. The 
diffusion velocity of the nickel ammine salt is higher than that of cobalt or 
copper. Consequently, if a drop of an ammoniacal solution of these three 
salts is placed on paper,* or if a drop of the neutral solution on paper is held 
over ammonia, the nickel diffuses to the outer zone of the spot. If a drop 
of the alcoholic reagent solution is placed at the side, it spreads, and a blue 
ring of nickel rubeanate surrounding a brown-green or brown circle of the 
corresponding cobalt and copper rubeanates is formed. A drop (0.15 ml.) 
of a solution containing 1 per cent of cobalt and 0.002 per cent nickel still 
shows a recognizable blue fringe around the yellow brown precipitation zone 
of the cobalt compound. This corresponds to an identification limit of 
0.32 7 nickel in a limiting proportion of Ni:Co = 1:480. 

liy this method it is possible to detect 0.032 7 nickel in the presence of 
4800 times as much iron. 


6. RHODIZONIC ACID 

Rhodizonic acid (I) is always used in the form of its sodium salt (II). 
This dark brown solid fonns yellow to dark red yellow solutions according 
to the concentration. The acid and its alkali salts are easily oxidized and 
solutions of the reagent do not keep long. They are gradually oxidized by 
the air, the color fades, and carbon dioxide is evolved. The solutions can 
be kept for about five days if stored in the refrigerator. The decomposition 
of sodium rhodizonate by ultraviolet light is striking. If one drop of the 
dilute solution is placed on a spot plate and another on filter paper, and 
these are then irradiated under the quartz lamp, the yellow spot on the 
paper will be decolorized within a few minutes, w'hercas the drop on the 
spot plate loses its color only after about thirty minutes exposure. The 
high dispersion of the salt in the paper is responsible for the difference. 

The color of sodium rhodizonate solutions is discharged on the addition 
of dilute mineral acids and of acetic acid; alkalization will restore the 
color. This fact shows that the yellow is not due to the rhodizonate ion, 
but is probably the color of the undissociated sodium salt, which can be 
regarded as an inner complex compound (II), 
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Sodium rhodizonate reacts with numerous uni- apd divalent metal ions in 
neutral solution and forms colored precipitates. Typical instances are: 
Tl'*- (black); Hg-^ (browm-red); IIg++ (red-orange); Sn++ (violet); Cd++ 
(bro^vn-yellow) ; Co"^ (olive-green); (dark brown); Pb++ (dark 

violet). These statements can be confirmed by placing a drop of the re- 
spective metal solutions in the depressions of a spot plate, adding a little 
ammonia water, and then a drop of sodium rhodizonate solution, Tri- 
and quadrivalent metal ions form no precipitate with sodium rhodizonate. 
Bismuth is an exception, probably because its solutions contain the BiO'^ 
ion. 

Table I (page 132) e.xhibits the findings obtained with I per cent neutral 
and acidified salt solutions. The behavior of the respective hydroxides and 
oxides is also recorded. 

The behavior of iron salts Ls to be noted. salts in neutral solution 

form a red-bro^ra precipitate, which quickly becomes black-blue, probably 
by oxidation. In solutions of pH 2.8 there is no reaction. salts 

form no precipitate but produce a blue-gi’cen color; rhodizonic acid is a 
phenol and therefore reacts with Fe'*^ salts like other phenols. In the 
presence of fluoride ion no color reaction occurs, owing to the formation of 
the complex FeFe ion. 

In the presence of fluoride ion the behavior of Fe'^ salts is remarkable. 
The yellow of the rhodizonate solution is immediately discharged. No 
explanation can be given for this phenomenon, though it may be due to the 
increase of the reduction potential of Fe^ salts in the presence of fluoride 
ion, so that the oxidation of rhodizonic acid is induced by autoxidation of 
Fe++ salt. 

The intense color of the insoluble rhodizonates indicates that they are to 
be viewed as inner complex salts of a poly ketone as shown in (III). The 
color is due to the presence of a five-membered ring, in which the metal 
atom is coordinated by auxiliary valence linkages to the oxygens of the 
adjacent CO groups. 
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From the analytical standpoint it is particularly important that in the 
alkaline earth and alkali groups browm-red precipitates of the rhodizonate 
are produced only by Ba’^ and Sr"*^. However, under suitable conditions, 
these ions can be identified positively in the presence of each other. 

The solubilities of lead rhodizonate (blue-violet or scarlet red) and barium 
rhodizonate are particularly low, even the oxides and carbonates of these 
metals reacting with sodium rhodizonate. Lead sulfate also gives a posi- 


TABLE I 

Reaciiom with Sodium Rhodizonate 


Ion 

Solution | 

1 

Bydfoxide 

Oxide 

Ntutral 

pB - 2.S 

Ag+ 

Black 

Black 



Hg+ 

Brown -red 

Brown-red (disappears on standing) 

TI+ 

Dark brown 

Dark brown 

j 


Pb++ 

Bluc-violct 

Scarlet 

Blue -violet 

Blue-violet 

Cii++ 

Orange-red 


1 ! 


iig++ 

Red-orange 




Cd++ 

Brown-red 

Brown- red 

Gray-brown 


Bi++ 

Brown-red 


Brown-red 


Ni++ 





Co++ 





Zn++ 

Brown-violet 


Brown-violet 

Brown-violet 

Ma++ 





UO,^^ 

Brown 














Ca++ 



Brown -red 

Brown-red 

Ba++ 

Red-brown 

Red-brown 

Red-brown 

Red-brown 

Sr++ 

Red-brown 


Red-brown 

Red-brown 

Sn++ ^ 


Violet 

Violet 







A1+++ 





Zr++++ 






tive reaction. Methods for distinguishing these metals are based on these 
facts. Red-brown barium rhodizonate reacts with sulfate ion to form 
barium sulfate. A test for sulfate depends on this reaction. 

Detection of Barium and Strontium 

Chemical Basis: Precipitation of red-hrown barium or strontium rhodizonate. 
Brown-red amorphous precipitates are produced wLen sodium rhodizonate 
is added to neutral solutions of barium or strontium salts. The addition 
of dilute acetic acid changes the color of these precipitates toward red, 
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probably by the formation of acid salts, ^lineral acids dissolve the 
rhodizonates. However, the barium salt is much less soluble in dilute hy- 
drochloric acid than the strontium salt. 

Barium carbonate becomes brown almost immediately on contact with 
sodium rhodizonate. The transformation is incomplete, occurring only 
on the surface. Strontium carbonate does not react with sodium rhodi- 
zonatc. If the carbonates have been precipitateti together, the mixture 
fails to respond to this differentiating reaction, even at low limiting propor- 
tions, because the barium carbonate is coated by the inactive strontium 
carbonate. 

Procedure: A drop of the neutral or slightly acid test solution is placed on 
filter paper and treated with a drop of a water solution (2 per cent) of so- 
dium rhodizonate. A more or less intense red-brown fleck appears according 
to the quantity of barium or strontium present. It is also feasible to 
impregnate filter paper with sodium rhodizonate solution. The reagent 
paper must be dried in vacuo (over cone. H2SO4) and in the dark to avoid an 
oxidative deterioration of the reagent. A drop of neutral tost solution will 
cause precipitation of the rhodizonate when placed on tins reagent paper. 

Identijkaiion Limit: 0.25 y barium 0.45 7 strontium 

Concentration Limit: 1 : 200,000 1 : 125,000 

Application in ilie presence of other materials: Since numerous divalent 
metals produce colored rhodizonates, it is wtH to use sodium rhodizonate for 
the detection of barium and strontium wnthin the alkaline earth and alkali 
groups. Beryllium, zinc, aluminum , and chromium may be present as they 
do not react with sodium rhodizonate. Large quantities of ammonium 
salts interfere; dark bro^vn ammonium rhodizonate is deposited, but this 
disappears on addition of water. 

A precipitate produced by ammonium carbonate can be tested for 
barium and strontium by the following procedure, 'fhe precipitate is 
w^ashed thoroughly and a portion (size of a pin head) is treated on a spot 
plate with a drop of the rhodizonate solution and then wuth a drop of 6 
N acetic acid. The presence of barium or strontium, or both, is revealed by 
the formation of a red precipitate. 

Detection of Lead 

Chemical Basis: Formation of lead rhodizonate. Neutral solutions of lead 
salts react with sodium rhodizonate to produce a blue- violet amorphous 
precipitate, PbC608-Pb(0H)2-5H20. This does not dissolve in dilute 
mineral acids nor in acetic acid, but these acids convert it into a less basic, 
brilliant red, micro-crystalline product, 2PbCfl06*Pb(0H)2'H2O. If the 
lead solution is brought to pH — co. 3 by means of a suitable buffer the red 
precipitate is obtained directly. 
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Procedure: A drop of the test solutioa is placed on filter paper and al- 
lowed to soak in. The spot is then touched with a drop of 0.2 per cent solu- 
tion of sodium rhodizonate. A blue-violet fleck forms if lead is present. 

Identification Limit: 0.1 -y lead. 

Concentration Limit: 1:2,000,000. 

The lead in extremely dilute solutions can be concentrated by the follow- 
ing procedure: 

Ten milliliters of the test solution are treated with I ml. of 0.2 N mer- 
curic chloride, the mixture acidified, and the mercury, together with the 
lead, then precipitated by hydrogen sulfide (not ammonium sulfide). The 
precipitate is collected by filtering or centrifuging, washed slightly, dried, 
separated from the filter paper, placed in a crucible, carefully heated at 
first, and then ignited to volatilize the mercuric sulfide. The cooled 
residue is treated with 3 drops of buffer solution and mixed, and then 1 
drop of 0,2 per cent freshly prepared solution of sodium rhodizonate is 
added. If lead is present, a red precipitate or coloration will appear. 
The buffer solution (pH = 2.8) contains 15 g. tartaric acid and 19 g. sodium 
bitartrate per liter. 

Identification Limit: 5 7 lead in 10 ml. 

Concentration Limit: 1:2,000,000. 

Application in the presence of other materiaU: Table I shows tliat only 
thallium, silver, cadmium, barium, and stannous tin also react at pH = 
2 . 8 . However, if certain conditions are maintained, it is possible to de* 
tect lead with certainty, even though these interfering ions arc present. 

In the presence of insoluble chlorides: Lead can easily be identified in the 
ordinary qualitative scheme when it is present along vnth. silver, mercurous, 
and thallous chlorides. 

The chlorides thrown down by hydrochloric acid are not washed but are 
transferred directly to a crucible, dried by gentle warming, and then care- 
fully heated to redness. Thallous and mercurous chlorides are thus re- 
moved by volatilization. The cold residue is digested with 4 drops of 
strong ammonia water to dissolve silver chloride, and the contents of the 
crucible are then evaporated to dryness. Three drops of buffer solution 
and one drop of sodium rhodizonate are added. If the chloride precipitate 
contained lead, a red precipitate or coloration will appear. It is necessary 
to dissolve the silver chloride in ammonia because this salt melts and en- 
closes lead chloride, which may thus be shielded from the sodium rhodi- 
zonate. 

This procedure, which can also be used to detect lead in the presence of 
all other metals, is far more sensitive than the usual method of dissolving 
the lead chloride in hot water and then adding a suitable reagent. The 
limiting proportion was determined in about 5 mg. of the mixed chlorides; 
the value is Pb:Ag = 1:5000. 
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In the presence of barium: The test solution is treated with concentrated 
sulfuric acid and then taken to definite fuming. 

The mixed sulfates are brought onto a filter by means of alcohol and 
washed with this solvent until the sulfate test is no longer given. About 
60 mg. of the washed precipitate are transferred to a spot plate, thoroughly 
mixed with 5 drops of a saturated solution of sodium acetate in G N acetic 
acid, and then dried by a current of heated air. One drop of water and 1 
drop of sodium rhodizonate solution arc then added. On stirring, the mass 
becomes violet if lead is present. If only minute quantities of load are 
suspected, it is well to run a parallel test with pure barium sulfate. Limit- 
ing proportion, Pb:Ba = 1:10,000. 

Differentiation of Lead Sulfate and Barium Sulfate 

Chemical Basis: Barium sulfate is totally resistant to sodium rhodizonate. 
This is evidenced by the fact that barium rhodizonate is decomposed by 
dilute sulfuric acid. In contrast, lead sulfate reacts with this reagent to 
form a colored lead rhodizonate, that is not attacked by a l>uffer solution 
whose pH = 3 (approx.). This difference in behavior can also be used to 
distinguish lead sulfate from strontium sulfate and calcium sulfate. 

Lead sulfate is ordinarily differentiated from the other slightly soluble, 
white sulfates by the fact that it is soluble in ammonium acetate solution. 
A complex lead acetate is formed and the solution yields black lead sulfide 
when treated with hydrogen sulfide. This method is successful only when 
a fair quantity of lead sulfate is involved, and also pre.su ppo.s<‘S the absence 
of other metals that form black sulfides. 

Traces of lead sulfate can be detected by the method described here. It 
can also be used to reveal the presence of lead in the company of other 
metals that cannot be thrown down as sulfates. 

Procedure: Solutions of barium nitrate and lead nitrate, in test tubes, arc 
diluted until they give distinct turbidities on the addition of dilute sulfuric 
acid. A drop of each of the suspensions is transferred, with the aid of a 
pipette, to marked places on a filter paper. The drops are allowed to soak 
in, and the excess acid is then washed away by drops of water. The washed 
paper is then placed on a spot plate and spotted first with a freshly prepared 
solution (2 per cent) of sodium rhodizonate, and then with the tartaric acid 
-bitartratc buffer solution (see p. 134). A red- violet spot or ring appears 
on the fleck containing lead sulfate. The spot containing barium sulfate 
becomes discolored after 1 or 2 minutes. 

The experiment may be repeated on a spot plate with lead sulfate and 
barium sulfate powders. It will also succeed with solutions that are so 
dilute that they give an almost invisible turbidity when treated with 
dilute sulfuric acid. 
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As little as 4 7 strontium in the presence of 80 times as much barium can 
be detected as follows; Filter paper is impregnated with a saturated solu- 
tion of potassium chromate, and dried. A drop of the neutral test solution 
is placed on the paper. Insoluble barium chromate deposits, whereas the 
strontium salt does not react. After about one minute, the spot is treated 
w'ith the sodium rhodizonatc solution and a brown red fleck or ring is 
formed if strontium is present. 


7, ALIZARIN AND OTHER HYDROXY ANTHRAQUINONES 

The rei>lacement of hydrogen in the two benzene rings of anthraquinone 
(I) leads to numerous hydroxy compounds which are often used as mordant 
dyes. Poly hydroxy anthraquinoncs having an —OH group adjacent to 
one of the two —CO groups are of interest as regards spot testing. Ex- 
amples are alizarin (II), which is slightly soluble in water, and alizarin sul- 
fonic acid or its sodium salt (III), which are quite soluble in water. 



(I) Anthraquinone (II) Alizarin =* 1,2- 
di hydroxy anthraquinone 


(III) Alizarin 
sulfonic acid 


Alcoholic and aqueous solutions of alizarin and alizarin sulfonic acid are 
yellow. On addition of ammonia or alkali the solutions turn violet; the 
yellow color is restored on acidification. This reversible color change 
permits the use of alizarin as an acid-base indicator for the pH range 5.5 to 
G.8. When color changes accompany the formation of salts of acid or basic 
organic compounds it is always an indication that the salts have a structure 
differing from that of the parent acid or base. In the case of alizarin the 
following change is possible when the salt is formed: 


0 OH OH 0 



0 


0 
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The structural formulas of the two tautomeric acid and salt forms show 
that in the salt a continuous band of conjugated double bonds runs through 
the whole three-ring system, whereas in the acid form only the two lateral 
benzene rings possess conjugated double bonds. It is well known thatsuch 
accumulations of conjugated double bonds have a chromotropic effect: 
i.e., the color Is deepened. Therefore, it can be assumed that the yellow 
color of alizarin (or alizarin sulfonic acid) in acid solution is due to the 
quinone nucleus. On the other hand, the violet color of the soluble alkali 
salts results from the de^'elopment of the long chain of conjugated double 
bonds with retention of a para-quin oid position of two —CO groups. The 
same changes in constitution are also possible^ with other polyhydroxy 
anthraquinones. 

The acid as well as the salt fonn of alizaiin posses8e.s one —OH group in 
such close proximity to one — CO group that an auxiliary ^“alenc(‘ linkage 
of the H atom of the hydroxyl group to the 0 atom of the —CO group is 
possible: 

0 HO OH 0 




In the light of the foregoing coordination formulas, alizarin itself can be 
regarded as an inner complex compound of hydrogen. This view, wliich 
leads to the conclusion that the two —OH groups, because of auxiliary 
valence binding, are not equivalent, is supported by the fact that only 
mono-alkali salts, namely alkali salts of the —OH group in the 2-position, 
are easily available, and not the di-alkali salts, as might be exi>ccted from 
the phenolic nature of the two — OH groups. 

Inner complex compounds of metals and non-metallic groups arc often 
colored because of rings produced by reason of principal and auxiliary 
valence activity. This is particularly true if one (or both) of the salt- 
forming components is colored. The spatial rclatioaship of — CO and 
— OH groups in the alizarin offer possibilities of producing inner complex 
compounds in both the acid and salt form.s. Consequently, it may be ex- 
pected that alizarin can function as a color reagent in acid as well as in 
alkaline solution. Such color reactions are known; in fact, they are the 
basis of the tests for aluminum, zirconium, and boric acid. 
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Detection of Zirconium 

Chemical Basis: Formation of acid- stable red zirconium alizarinate. 
Alizarin produces colored precipitates with Al, Be, Ti, and Th salts only 
in the presence of alkali. Hence, the preliminary, or at least the simuh 
taneous, foimation of the metal hydroxide is necessary for production of the 
lake. In contrast, zirconium ion is the only metal ion which reacts with 
alizarin in acid as w(dl as alkaline media. A red-violet precipitate forms 
with alkaline alizarin while in acid solution, depending on the concentration 
of Zr'^'*' and ions, a redder precipitate or coloration results. 

It is probable that the color reaction in acid solution involves the zir- 
conium not as Zr++++ i(Ai but as ZrO++ (zirconyl) ion. Accordingly, an 
inner complex salt of the aci-form of alizarin (see p. 130) is formed and has 
the coordination formula (I) . It is entirely possible, however, that a colored 
inner complex cation (II) is produced. It has not yet been determined 
with certainty which of the two formulas is correct. 



Alizarin sulfonic acid and other polyhydroxy anthraqui nones, having at 
least one — OH group adjacent to a —CO group, act like alizarin. 

Procedure: The test solution, as nearly neutral as possible, is treated in a 
micro-crucible with a drop of an alcoholic solution of alizarin. Red to 
violet colors are produced by alizarin and other lake formers. If a drop of 
1 N hydrochloric acid is added, only the zirconium compound will remain. 
An intense red-violet color and precipitate indicates the presence of large 
amounts of zirconium; small quantities give a pink coloration, 
Idmtific-ation lAmit: 0.5 y zirconium. 

Concentration Limit: It 100,000. 
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The reagent is prepared by treating alizarin solution drop-wise with 
dilute hydrochloric acid until the color becomes pure yellow. An equal 
volume of alcohol is then added and the solution filtered. 

Application in the presence of other materials: The foregoing procedure 
permits the detection of LC y zirconium in the presence of 500 limes as 
much aluminum, and of 1 7 zirconium in the presence of 500 times as much 
thorium. Interference with the clear discernment of snmll quantities of 
the red zirconium-alizarin compound need be feared only when considerable 
concentrations of colored ions are present. On the other hand, the alizarin 
reaction can be hindered by anions which form stable complex ions with 
zirconium ions. Examples are fluoride, oxalate, ^nd large quantities of 
sulfate. 


Detection of Boric Acid 

Chemical Basis: Formation of the inner-complex boric acid ester of hydroxy 
anthraquinones. All poly hydroxy anthraquinoncs are phenolic in nature 
and consequently, like tertiary alcohols, form esters with acids. Poly- 
hydroxy anthraquinones are soluble in concentrated sulfuric acid ; the ester- 
ification can occur in this solution where the solvent also functions as the 
dehydrating agent. If boric acid is wanned with sulfuric acid solutions of 
hydroxy anthraquinones, inner-complex boric esters are formed. A char- 
acteristic color change accompanies the reaction. For instance, the reac- 
tion with alizarin can be represented: 



The boric acid is written here in the ortho-form; an analogous equation is 
valid for meta-boric acid, HBOj. 

Boric acid can be detected not only with alizarin (or alizarin sulfonic acid) 
but also wth 1,2,4-trihydroxy anthraquinono (purpurin) and 1, 2,5,8- 
tetrahydroxy anthraquinone (quinalizarin). 

0 OH HO 0 OH 

OH 


O OH HO 0 

Purpurin Quinalizarin 
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Spot reactions intended to detect boric acid by the formation of colored 
inner-complex esters must be carried out on the residue obtained from 
evaporation of the test solution, as esterification proceeds rapidly enough 
only in the absence of water which saponifies the ester into its components. 
Alkali must be added before evaporating the test solution; otherwise, part 
of the boric acid will volatilize with the steam. 

Procedure: A drop of the weakly alkaline test solution is evaporated to 
dryness in a microcrucible. Two or three drops of the reagent solution 
are added and the mixture warmed slightly. If boric acid is present, the 
following color changes will be observed: 

Alizarin sulfonic acid i^red to yellow-red ; identification limit: 1.0 y boron, 
Purpurin : orange to wine-red ; identification limit: 0.6 y boron, 

Quinalizarin : violet to blue ; identification limit: 0.06 7 boron . 

The reagents are solutions in concentrated sulfuric acid of: alizarin 
sulfonic acid (0.2 per cent); purpurin (0.05 per cent); quinalizarin (0.01 
per cent). 

Application in i)ie presence of other materials: Nitrates, chlorates, ferri- 
cyanidcs, and other oxidizing materials interfere with the positive recogni- 
tion of the colored boric acid esters of polyhydroxy aiithraquinones; 
they produce color changes by reacting with the reagent solutions. 
Fluorides interfere because of the foiTnation of boron fluoride or fluoboric 
acid which are incapable of forming esters. Special measures must be 
taken if considerable quantities of such interfering materials are present. 
Nitrates and other oxidizing agents can be rendered harmless (reduced) by 
evaporating the solution with solid hydrazine sulfate. Fluorides are re- 
moved by evaporation with precipitated silica and concentrated sulfuric 
acid (formation of gaseous Sir 4 ) . These operations can be carried out with 
one or two drops of the test solution in the same crucible in which the sub- 
sequent esterification is to be accomplished. The treatment required to 
remove interfering materials reduces the sensitivity of the boric acid test 
by about one half. 

S. BENZIDINE 

Benzidine, (p,p'-diaminodiphenyl, IIil^~< (^ is a 

weak base and is practically insoluble in water. Like many other poly- 
atomic organic bases, it forms salts (acetate, chloride, etc.) which are 
usually soluble in water. The sulfate is an exception; it is less soluble than 
barium sulfate. Although water solutions of the acetate or hydrochloride 
are usually used for analytical purposes, an alcoholic solution of the free 
base is sometimes used. 

Benzidine and its salts are stable in the solid state. The solutions gradu- 
ally become yellow to brown if they are exposed to light and air. They 
should, therefore, be kept in bro^vn bottles with tightly fitting stoppers. 
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Oxidizing agents cannot convert benzidine to a quinone imide; 
2H,N— 0-0 — NH, + 0, ^ 



One molecule of the imide combines with one molecule of benzidine and two 
equivalents of acid to produce the “meriquiiioid” com])ounds: 


H,N— )>— NH. 



If formed from water-soluble benzidine salts, the meriquinoid compounds, 
are likewise soluble in water and give deep l)luc solutions containing 
“benzidine blue.” 

Even traces of oxidizing agents suffice to prcxlucc benzidine blue from 
benzidine. This reaction is not used in spot test analysis for direct detec- 
tion of oxidizing agents, but only for detecting liigluir oxides (Ni02, PbOa, 
etc.) for recognition of auto-oxidation processes [Mn((>II)2— >Mn()2], and 
for detecting materials w'hich, through com]>lex binding, facilitate oxida- 
tions (P2O5, SiOz, CN). 


Detection of Manganese 

Chemical Basis: Formation of hemidine blue through auto-oxidation of 
manganous hydroxide. Alanganous hydro.xide produced as shown in (I) 
undergoes auto-oxidation, that is, it Ls converted to hydrated manganese 
dioxide by the oxygen of the air (II): 

Mn++ -f 2 OH- = Mn(OH), (I) 

Mn(0H)2 -I- 0 = MnO(OlI), (II) 

Benzidine can be changed into benzidine blue by the manganese dioxide 
thus formed, and also by an auto-oxidation process in which atmospheric 
oxygen functions in the atomic state. It should be nob^d that the proce- 
dure for carrying out this test as a spot reaction on paper exhibits a high 
sensitivity- The paper, or its surface, plays the rcile of a reactant, probably 
because of adsorption of the benzidine blue. 

Procedure: The test solution should not be too acid. A drop is placed 
on filter paper, allowed to soak in, and then spotted with a drop of 0.05 AT 
sodium or potassium hydroxide. If large quantities of manganese are 
present, the spot gradually turns brown (formation of AlnOz). Minimal 
quantities of manganese produce no discernible brown coloration. After 
the manganese dioxide has formed, either perceptibly or invisibly, the spot 
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is treated with a drop of benzidine solution. A more or less intense blue 
fleck appears, depending on the quantity of manganese involved. The 
blue is not permanent. After some time it disappears or a yellow brown 
takes its place. The application of a new drop of benzidine solution will 
regenerate the blue. 

Identification lAmit: 0.15 7 manganese. 

Concentration Limit: 1 : 330,000. 

The reagent is prepared by dissolving 0.05 g. benzidine (base or hydro- 
chloride) in 10 ml. of acetic acid. The solution is made up to 100 ml. with 
water and then filtered. 

Application in the presence of other materials: The benzidine reaction 
cannot be applied without modification in the presence of oxidizing agents, 
or of auto-oxidizablc materials which, under the conditions of the experi- 
ment, likewise cause benzidine to produce a blue coloration. Examples 
arc chromates, fcrrocyanidc.s, and salts of cobalt, silver, and cerium. 
Metal ions which produce colored hydrated oxides, such as re(0H)3 and 
Cu(OH)2, interfere with detection of small quantities of manganese. These 
obscure the blue and special procedures are required in these cases. 

Detection of Manganese in the Presence of Iron, Cobalt, or Cerium 

Hydrated ferric oxide has no effect on benzidine but it greatly lowers the 
sensitivity of the manganese test. For instance, 0.15 7 manganese can be 
detected in solutions containing manganese alone, whereas 2.5 7 must be 
present in one drop if 250 7 iron are also present. However, the addition 
of Rochelle salt will prevent the precipitation of iron. This preventive 
can be applied by direct spotting of a drop of the test solution on filter 
paper. Manganese can then be detected by means of the benzidine reac- 
tion, even though considerable quantities of iron are present. 

Identification lAmit: 1 7 manganese \ in the presence of 1000 times as 

Concentration Limit: 1 : 50,000 / much iron. 

Cobaltoiis hydroxide is auto-oxidizablc under the conditions of this test. 
Accordingly, if manganese is to be detected in the presence of cobalt it is 
well to convert the cobalt into the soluble, extremely stable Iv3Co(CN)8 by 
adding potassium cyanide and wanning. Since, however, excess potassium 
cyanide interferes with the manganese reaction, through production of 
complex manganese compounds, the excess is removed by adding several 
drops of concentrated hydrochloric acid (boodl). This also decomposes 
the manganese cyanide, while the complex cobalt ion remains unaltered. 
The steps necessary to mask the cobalt can be carried out ^vith one drop of 
the test solution in a microcentrifuge tube. It should be noted that the 
potassium cyanide solution of the complex cobalt salt in contact with 
benzidine gradually develops a red-violet color. 
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Identifijcaiion Ldmit: 0.5 7 manganese \ in the presence of 1200 times as 

Concentration Limit: 1:100,000 / much cobalt. 

Cerium hydroxide, Ce(OH)i, is likewise auto-oxidizable. If manganese 
is to be detected in the presence of cerium it is well to warm the test solution 
for two or three minutes with a little calcium fluoride. Tliis precipitates 
ipsoluble cerium fluoride which, on filtering, remains behind with any 
unchanged calcium fluoride. The manganese test just described is then 
made with a small portion of the filtrate. The calcium fluoride must be 
freshly prepared by treating a calcium solution ^nth an alkali fluoride, 

Identificalion Lvnit: 5 7 manganese 1 in the presence of 1 ,000 times as 

Concentration Ldmit: 1:10,000 / much cerium. 

Detection of Manganese in the Presence of Copper 

Cupric salts fom^ copper hydroxide or basic copper acetate under the 
conditions of this test. They may thus obscure the production of benzidine 
blue. Consequently, the detection of small quantities of manganese in the 
presence of much copper is best accomplished by the procedure recom- 
mended for the masking of cobalt. The copix3r salts are converted into 
IC3 Cu(CN )4 or Cu 2(CN)2. 

Identification Limit: 1.6 7 manganese \ in the presence of 1500 times 

Concentration Limit: 1:30,000 / as much copper. 

Detection of Manganese in the Presence of Silver and Thallium 

Silver and thallium are best removed from the test solution by adding 
sodium chloride. The suspension of silver (or thallous) chloride is centri- 
fuged or filtered, and the test for manganc.se made on the clear solution. 
If thallic compounds are present, they can be readily reduced to thallous 
salts with sulfur dioxide, and these then produce slightly soluble llCl with 
sodiuni chloride. The silver and thallium must be removed before testing 
for manganese, because Ag20 [or Tl(OII)s] ^\'ill be formed during the test. 
Both of these arc oxidizing agents. Furthermore, T 10 1 1 is auto-oxidizable. 
Consequently all three will react to produce benzidine blue. 

The silver or thallium should not be precipitated directly on the paper 
by spotting with dilute sodium chloride, because AgCl and TlCl slowly 
react ^^^th benzidine. The blue is due to the photochemical dissociation 
of these chlorides. Only a little chlorine is set free and slowly, but it 
suffices to oxidize benzidine. 

Detection of Lead 

Chemical Basis: Formation of lead dioxide and Us reaction on bejizidine. 
Lead dioxide, like manganese dioxide, oxidizes benzidine to benzidine blue. 
Although MnOs is formed by auto-oxidation of Mn(OH)2, lead hydroxide, 
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in contrast, forms PbOz only after action with suitable oxidizing agents. 
Or lead salts must be treated with oxidizing agents active in an alkaline 
medium : 

+ 2 OH- + 0 PbOi 4- H,0. 

After the lead dioxide has been fonned it is imperative to remove the excess 
oxidizing agent completely. Even traces of the latter cause benzidine to 
become blue and can thus lead to false conclusions. Alkali hypwbromite 
is an excellent oxidizing agent for this purpose; it acts quickly and can be 
removed perfectly. Its oxidizing action and its instantaneous decomposi- 
tion by ammonia are expressed by the following equations : 

NaBrO NaBr 0. 

3 NaBrO -h 2 NH, 3 NaBr 4- Nj -H 3 H,0. 

The formation of PbOj by alkali hypobromite solution and the decom- 
position of the unused oxidizing agent can be accomplished as spot reac- 
tions. 

Procedure: A drop of the neutral or acid test solution is placed on filter 
paper and treated successively with one drop of 3 A sodium hydroxide and 
one drop of bromine water. One or two minutes later the spot is treated 
with two drops of concentrated ammonium hydroxide. The spot is then 
touched with an acetic acid solution of benzidine, A more or less intense 
blue fleck appears, according to the quantity of lead involved. 

Identification Limit; 1 y lead. 

Concentration Limit: 1:50,000. 

Far smaller amounts of lead can be detected by the following methods: 
(I). Ten ml. of the test solution, three ml, of 3 N alkali and two ml. of 
bromine water are heated together and the precipitate collected on a re- 
tentive paper. The deposit is washed with hot ammonia, followed by hot 
water, and then spot tested with a solution of benzidine in acetic acid. 
The identification limit is 10 y lead in 10 ml. 

(II). The procedure is that given in (I), but after wanning with the alkali 
and bromine water, the solution, together with the insignificant precipitate, 
is transferred to a microcentrifuge tube. A small wad of cotton is placed 
beforehand in the bottom of the tube. After centrifuging and pouring off 
the centrifugate, the lead dioxide will be found on the cotton, where it can. 
be purified by centrifuging first with ammonia and then with water. The 
cotton is then transferred to a white filter paper by means of a platinum 
wire, and spot tested with benzidine solution. This procedure permits the 
detection of as little as 4 7 lead in 10 ml. 

Ayylication in the presence of other materials: Metal ions which produce 
higher oxides under the foregoing conditions, or which react directly with 



SPOT RilACTIONS WITH ORGANIC REAGENTS 


145 


benzidine, interfere with the test as just described. Such interference 
is exhibited by Ce^^, Mn’*'*', Co++, Ni+^, Bi+++, TI^, Ag^, Au'*'. Colored 
precipitates, which make it difficult to perceive slight blue colorations, lower 
the sensitivity. In such cases, it Ls best to prepare an alkaline extract 
(Phimbite solution), which can contain only TlOH, while the other metals 
remain behind as insoluble hydroxides. If bismuth is the only material 
that needs to be considered in the test for lead, it is sufficient to warm the 
test solution with sodium hydroxide before adding the bromine. IJis- 
muthyl hydroxide, BiOOH, m\l be formed, and, in contrivst to Pb(OH)j 
or NazPbOa, it is not converted into a higher oxide by hypobromite. Ac- 
cordingly, the lead dioxide-benzidine reaction tbpn leads to clear cut 
conclusions. 


Detection of Cyanide 

Chemical Basis: Oxidation of hensidine by cupric salts in the presence of 
cyanide. Cupric salts are weak oxidizing agents, their oxidation initential 
is too low for them to react directly upon benzidine. Every oxidation 
(reduction) potential is determined by the equilibrium bt‘twcen the con- 
centrations of the oxidizing and reducting form. In the case of copper, 
the pertinent equilibrium is 

[Cu^J [Cu+]. 

It follows that any removal of the Cu+ disturbs the equilibrium and there- 
fore brings about a rise of the oxidation pokmlial. Ihmzidine will be 
oxidized by 00“*^ ions, provided halide ions are present to react with Cu"*" 
ions to form slightly soluble or non-disso dated cuprous salts. Huch halide 
ions include I~, Br“, CNS", CN“. This effect can be employed to detect 
and also CN~. 

The following partial reactions occur when a cupric salt reacts with cy- 
anide: 

Cu++ -j- 2 CN- - Cu(CX), fl) 

2 Cu(CN), = Cuj(CN), 4- (CM), ( 2 ) 

Cu,(CN)a -f- 2 KCN ^ K,Cu,(CN)* (3) 

Equation (3) shows that univalent copper is removed in the form of a solu- 
ble complex cyanide. Furthermore, cyanogen is formed (2); it behaves 
like a free halogen and oxidizes benzidine to benzidine blue. 

It is well to make the test by a procedure in which the cyanide is treated 
with an acid to liberate hydrocyanic acid. This, in turn, is allowed to 
react with filter paper impregnated with cupric acetate-benzidine acetate 
solution (Procedure I). Hydrogen cyanide can be evolved from iasoluble 
cyanides by gently wanning them with zinc and hydrochloric acid (Pro- 
cedure II). 
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Procedure I: A drop of the test solution in a porcelain microcrucible is 
treated with a drop of dilute sulfuric acid. The crucible is then covered 
with a strip of filter paper moistened with a drop of reagent solution. A 
small watch glass placed on the filter paper makes a sufficiently tight seal. 
A more or less intense blue ring will appear on the white paper, according 
to the quantity of hydrocyanic acid liberated. 

Idenliftcation Ldmit: 0.25 y cyanogen. 

Concentration Limit: 1:200,000. 

Procedure 11. A drop of the test solution (or several milligrams of the 
solid specimen) is placed in the decomposition vessel of the apparatus shown 
on p. 52, Fig. 28. Onp or two particles of zinc and two or three drops of 
dilute sulfuric acid are introduced, and the apparatus is closed with the 
funnel stopper. A strip of filter paper moistened with the reagent solution 
is laid across the funnel. The apparatus is warmed slightly to liberate the 
hydrocyanic acid. It is carried along by the hydrogen and causes the 
paper to turn blue. 

Identificalion lAmit: 1 y cyanogen. 

Concentration Ldmit: 1:50,000. 

The copper acetate-benzidine acetate solution is best prepared fresh at 
the time of the trial ; a mixture of the acetates cannot be kept more than 
two weeks at most. Solution (I) contains 2.86 g. cupric acetate per liter. 
Solution (11) consists of 475 ml. of saturated (room temperature) benzidine 
acetate solution plus 525 ml. water. The solutions are stored separately 
in well-stoppered brown bottles. The reagent is prepared, when needed, 
by mixing equal volumes of (I) and (II). 

Application in the presence of other materials: The test is specific for 
hydrocyanic acid when volatile oxidizing or reducing compounds are 
absent. When sulfides are present, the evolution of hydrogen sulfide can 
be prevented by adding a lead salt which forms acid-stable lead sulfide. 

Detection of Phosphoric Acid 

Chemical Basis: Oxidation of benzidine by complexly bound molybdenum. 
Molybdic acid and normal molybdates arc weak oxidizing agents and do 
not affect benzidine. If, however, complex phosphomolybdates are pro- 
duced, such as HsP 04 T 2 IMoOa or its alkali salts, the complexly bound 
molybdenum becomes capable of oxidizing numerous materials, including 
benzidine. This can be sho\vn by comparing the action of a weakly acidi- 
fied molybdate solution, with and without the addition of phosphate, 
toward solutions of potassium iodide, a ferrous salt, sulfurous acid, and 
aniline. The increase in the oxidizing action of the molybdate when 
phosphate is present is shown by the more rapid bluing of the solution, 
whose color also continues to deepen. 
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Under suitable conditions, the formation of benzidine blue as the oxida- 
tion product of benzidine is accompanied by the production of lower (blue) 
oxides of molybdenum (“molybdenum blue”) as reduction products of the 
molybdenum. This simultaneous fonnation of two blue materials makes 
it possible to detect traces of phosphomolybdate which cannot be seen with 
the naked eye or even under a magnifying glass. This also applies to 
ammonium phosphomolybdate, the familiar egg-yellow crystalline com- 
pound which is so often used for the detection and determination of phos- 
phate ion. Accordingly, ammonium phosphomolybdate is produced in this 
test and then identified by the sensitive benzidine blue i-eaction. 

Procedure: A drop of ammonium molybdate sjilution in nitric acid is 
placed on ash-free filter paper and dried in an oven. One droj) each of the 
test solution, benzidine-acetate solution, and finally saluratcni sodium 
acetate solution, are added in succession. A blue fleck or ring will appear, 
according to the quantity of phosphate present. 

Identification Ldmit: 0.05 y PiO^. 

Concentration Ldmit: 1 : 1,000,000. 

It is also permissible to place a drop of the test solution on ash-free filter 
paper and then spot it successively with one drop each of aininonium 
molybdate and of benzidine solution. If the paper is then held above an 
open ammonia bottle, a blue fleck, whose intensity depend.^ on the quantity 
of phosphate present, will appear when the free mineral acid has been 
nearly neutralized. The identification limit is 1 .25 y P2O5 if this procedure 
is used. 

The ammonium molybdate solution is prepared by dis.solving 5 g. 
(NH«)2 Mo 04 in 100 ml. of cold water, and then pouring tlie solution into 
35 ml. of nitric acid (sp. gr. 1.2). The benzidine reagent contains 0.05 g. 
of the base or hydrochloride dissolved in 10 ml. of glacial acetic acid and 
then diluted to 100 ml. with water. 

Application in the presence of other materials: The yellow precipitate, 
formed by adding ammonium molybdate to a pho.sphate in acid solution, 
is the ammonium salt of the heteropoly acid Analogous 

heteropoly acids, which also react with benzidine, because of analogous 
binding of M0O3, are formed with arsenic acid, H7As(Mo2()7)8 and silicic 
acid, H«Si(Mo207)«. Under the conditions just described (that is, in the 
cold), the yellow ammonium arsenomolybdate only deposits with extreme 
slowness, whereas the phosphomolybdate is immediately precipitated in 
quantities sufficient to react with benzidine. Coasequently, it is possible 
to detect phosphate in drops that contain 1 .5 7 P2O5 along with 1 .5 mg, 
AsjOs. This corresponds to the limiting proportion 1 ; 1000. If traces of 
P2OB are to be detected in the presence of much AsjOs, it is best to warm 
the test solution beforehand with sulfurous acid and then boil out the sulfur 
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dioxide. The arsenic is thus reduced to AssOj, which does not form a 
precipitate with molybdate. 

Soluble silicates react with acid molybdate solution to form yellow soluble 
silicomolybdic acid. Consequently, it is impossible to use the benzidine 
test directly for detecting phosphate in the presence of silicates. However, 
the formation of silicomolybdic acid can be prevented by adding tartaric 
acid. The precipitation of phosphomolybdate is somewhat delayed under 
these circumstances but it is nevertheless possible to detect 1 .5 7 PjOo in 
drops which also contain five hundred times this quantity of SiOa. The 
test is carried out on filter paper. One drop of the test solution is treated 
with one drop of tartratg-molybdate solution; held over a heated wire gauze 
for one minute, spotted with benzidine solution and then developed over 
ammonia. (The tartrate-molybdate solution contains 15 g. tartaric acid 
dissolved in 100 ml. of the ammonium molybdate solution described in the 
preceding section.) 

The masking effect of the tartaric acid is due to production of a complex 
molybdenum tartaric acid. This removes so much of the molybdate ion, 
which is essential to the fonnation of the heteropoly acids, that silicic acid 
and arsenic acid no longer react, and phosphoric acid only reacts slowly 
(hence the warming). Therefore, when testing for phosphate, the analyst 
should make certain of the absence of such materials as fonn stable complex 
molybdate compounds. Examples are oxalates and fluorides. Consid- 
erable quantities of hydrogen peroxide interfere with this test. Per- 
molybdic acid is formed, hindering the precipitation of the phosphomolyb- 
date which is essential to the benzidine reaction. 

C. Spot Tests with the Aid of Masking and Bemasking 
Reactions 

The technic of spot analysis often employs a device to avoid the dis- 
turbing reactions of other similar materials which may be present in the 
sample. This stratagem is known as the masking of reactions. It in- 
volves decrease in the concentration of an ionic or molecular species to the 
point whem the solution no longer exhibits the reactions characteristic of the 
particular ionic or molecular species. This is accomplished by incorporat- 
ing the disturbing ion (molecule) into soluble compounds (complexes) 
which furnish new types of complex ions. The selectivity of a reagent or 
of a reaction can often be increased by this formation of complexes. The 
compound whose addition accomplishes the formation of the complex is 
called the masking agent. Suitable masking agents can not only hinder 
reactions, but they can also cause the disappearance of I’eaction products 
already formed. If this effect can be detected by a discharge or change of 
color, even when small quantities are involved, the phenomenon can be 
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applied in spot anal5^is. The masking of reactions should not be ap- 
proached by haphazard trial; a working knowledge of the types of complex 
chemical compounds makes it possible to choose masking agents and mask- 
ing reactions intelligently and apply them judiciously. 

A precipitation or a color reaction which normally proceeds smoothly 
can be hindered by the presence or addition of a masking agent. Con- 
sequently, a masked system represents a retarded reaction which can be 
accelerated again if the masking agent is removed. This typo of demask- 
ing is sometimes of great advantage in spot testing, particularly in the 
detection of a masking or demasking agent. 

« 

1. Detection of Cobalt in the Presence of Large Amounts of Iron 

Chemical Basis: Formation of colbalt ihioajanate and masHtig of the iron. 
Acid solutions of cobalt salts produce an intense blue color wlien treated 
with an excess of alkali thiocyanate in the presence of alcohols, aldehydes, 
or ketones. This effect is due to the formation of a solvate of C\)(('NS)2 or 
KjCoCCNS)* with the respective organic solvent. Thendore, if solid 
alkali thiocyanate is added to a dilute aqueous solution of a cobalt salt and 
the solution then extracted wdth ether -f- acetone or ether + amyl alcohol, the 
ether layer will be colored deep blue. The thiocyanate reaction for cobalt 
is very sensitive, but is impaired by the pre.sence of a ferric salt which, 
with alkali thiocyanate, forms Fe(CNS)3 or K3Fe(CNS)6 or I''e{C'NS)2^. 
This red material, like cobalt thiocyanate, is soluble in organic liquids and 
hence the ferric thiocyanate can completely conceal the blue color due to 
cobalt thiocyanate. Consequently, small quantities of cobalt will not be 
detected by tliis test if iron is present. 

The red ferric thiocyanate can be removed completely if an excess of alk- 
ali fluoride is added to the aqueous solution or to an ether solution obtained 
by extraction. Fluorides react with ferric iron to form colorless ferric 
hexafluoride ion: 

Fe+++ -j- 6 F- ^ FeFr " (1) 

Ferric thiocyanate dissociates, though only to a slight extent: 

Fe(CNS), -|- 3 CXS" (2) 

Consequently, the addition of excess fluoride to a solution of Fe(CNS)g 
will remove Fe+++ ions ( 1 ) with the result that the supply of these ioas is 
replenished ( 2 ) by the Fe(CNS)3 (or the ferric complexes), until this com- 
pound has been exliausted and its interfering color thus dLscharged. 

Cobalt thiocyanate is absolutely stable toward fluoride becaiuse no com- 
plex cobalt fluoride compound is formed. Consequently, if the iron is 
masked by means of fluoride, cobalt can be identified with certainty in the 
presence of considerable quantities of iron. 
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Procedure: A drop of the acidified test solution is treated on a spot plate 
with five drops of a saturated acetone solution of ammonium thiocyanate. 
A green to blue color appears, depending on the quantity of cobalt present. 
If the blue color is indistinct or concealed by a red color, a few milligrams 
of ammonium fluoride is added. If cobalt is present a blue or green will 
remain after the red of the ferric thiocyanate has disappeared. In doubt- 
ful cases, it is best to repeat tl^ experiment with one or two drops of the 
test solution, but the ammonium fluoride should be added before the am- 
monium thiocyanate. 

Identification Limit: 0.5 7 cobalt. 

Concentration Limit: : 100,000. 

Application in the presence of other materials: The masking of the ferric 
thiocyanate formation permits the identification of as little as 1 7 cobalt 
in the presence of 1,000 times this quantity of iron in three drops of a cobalt 
solution. Nickel salts interfere only when present in considerable quan- 
tities; they then produce a light blue color. Consequently, the test solu- 
tion should not contain more than 2 per cent of nickel. 

2. Detection of Palladium 

Chemical Basis: Reaction with mercuric cyanide in the presence of diphenyl- 
carbazide. Mercuric cyanide is one of the few soluble binary salts whose 
ionic dissociation is quite low. Consequently, its aqueous solutions are 
practically non-conductors and they do not exhibit the precipitation and 
color reactions characteristic of Hg'''+ and CN“ ions. Mercuric ions can 
be masked by the addition of cyanide and vice versa. Because of the slight 
dissociation, solutions of this salt do not respond to the sensitive color 
reaction (violet to blue precipitate) for Hg+''' ions with diphenylcarbazide. 
Likewise, silver salts produce no precipitate when added to mercuric 
cyanide because the concentration of cyanide ions is not sufficient to exceed 
the solubility product of silver cyanide. Only palladium ion reacts with 
mercuric cyanide to form white, slightly soluble palladium cyanide with 
liberation of Hg++ ions: 

Hg{CN), -I- Pd-H- -4 Pd(CN), - 1 - Hg++. 

If this precipitation is made in a colorless solution of mercuric cyanide which 
also contains diphenylcarbazide, even minute quantities of palladium can 
be detected by this demasking of Hg+'*' ions and the subsequent color reac- 
tion with diphenylcarbazide. 

Procedure: One drop of a 5 per cent solution of mercuric cyanide con- 
taining a few drops of an alcoholic solution of diphenylcarbazide is treated 
with one drop of the acidified test solution, and warmed gently, A violet 
coloration appears if palladium is present. The test is best made in a 
microcnicible. 
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Application in the presence of other jnaterials: The foregoing is a sure test 
for palladium, but chromates and molybdates must be absent as they also 
produce a violet coloration with diphenylcarbazide. Chromate can be 
reduced with sulfur dioxide and the molybdate -diphenylcarbazide reaction 
maybe prevented by masking the molybdate mih oxalic acid (cf. p, 148 ). 
Considerable quantities of colored ions nat urally make the detection of the 
violet coloration difficult, especially when only small amounts of palladium 
are present. In such cases it is easier to determine the appropriate shades 
by comparing the color with that given by a blank. 

3. Detection of Silver Halide 

Chemical Basis: Decomposition of KiNi{CN)i by silver halide in the pres- 
ence of dimethylgly oxime. The solution of nickel cyanide in potassium 
cyanide is light yellow; it contains the complex potassium nickel cyanide, 
K2Ni(CN)4. This compound shows all the reactions of soluble cyanides, 
but its nickel is masked toward dimethylglyoxime because) it furnishes 
practically no Ni"*"^ ion since this has become a constituent of a stable com- 
plex anion. Consequently, it is possible to prepare solutions of K2Ni(CN)4 
and dimethylglyoxime in which there is no precipitate of red nickel di- 
methylglyoxime. ■ All silver halides dissolve in excess alkali cyanide to form 
complex cyanides, If a solution of potassium nickel cyanide is used to 
dissolve the silver halide the reaction produces nickel cyanide: 

AgHal + KjNi(CN)*-^ KAg(CN), -h Ni(CN)a + Kllal. 

This can then react with dimethylglyoxime and form the characteristic 
red precipitate. The reaction of the slightly soluble nickel cyanide with di- 
methylglyoxime is slow but it can be speeded up by ammonia, which dis- 
solves Ni(CN)2. Consequently, a properly prepared solution containing 
K2Ni(CN)4, ammonia, and dimethylglyoxime can be employed as a quick 
acting reagent which will react with all silver halides, either when freshly 
precipitated or after aging for weeks. 

Freshly precipitated and well washed Ni(CN)2 is boiled with an insuf- 
ficient quantity of potassium cyanide solution. The excess nickel cyanide 
is removed by filtration. The K2Ni(CN)4 solution prepared in this way is 
stable. Immediately before the test, several ml. of this solution is treated 
with several drops of ammonia and several drops of a saturated alcohol 
solution of dimethylglyoxime. If a precipitate forms the solution should 
be filtered. The solution containing dimethylglyoxime cannot be kept 
because the oxygen of the air slowly oxidizes the cyanide and so causes a 
gradual precipitation of nickel dimethylglyoxime. 

Procedure: A few grains of the sample are placed in a depression of a 
spot plate and treated with one or two drops of the reagent. If a slightly 
soluble silver salt (AgCl, AgBr, AgCN, AgCNS, AgN|) is present, either an 
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intense red coloration or a red precipitate will appear at once. The reaction 
with silver iodide is somewhat slower, because of its particularly small 
solubility product but even in this case the formation of red nickel di- 
methylglyoxime will be seen in about thirty seconds. 

Ajyplication in the presence of other materials: A demasking of nickel 
lx)und into the cyanide complex can be accomplished by all metal ions 
forming difficultly soluble or undissociated cyanides. Examples are Ag+, 
Pd++ ions, and ion, which produces soluble undissociated Hg(CN) 2 . 
Nickel dimethylgly oxime will also be precipitated under these conditions 
by organic compounds which consume cyanide, such as the lower aldehydes, 
particularly formaldehyde. 

4. Detection of Fluoride 

Chemical Basis: Destruction of zirconium alizarinate. The addition of 
an acidified bright yellow solution of sodium alizarin sulfonate to hydro- 
chloric acid solutions of zirconium salts produces an intense red violet color. 
This color reaction, which is characteristic of zirconium, has an identifica- 
tion limit of 0.5 7 zirconium if it is carried out as a spot test. The color is 
due to the formation of a soluble inner complex zirconium-alizarin com- 
pound of unknown constitution. The violet solutions of this complex, 
like solutions of all complex compounds, represent an equilibrium between 
the materials which compose the complex: 

Zr-alizarinate + alizarinate ions. 

(red violet) (bright yellow) 

The equilibrium licvS far to the side of the violet zirconium alizarinate, but 
can be shifted in the other direction, i.e., in favor of the yellow alizarinate 
ion, if the ions are removed from the system. This removal is 

easily accomplished by the action of fluoride ions which form colorless com- 
plex zirconium fluoride ions: 

Zr-H-H- + 6 ZrlY". 

Consequently, the addition of fluorides to an acidified violet zirconium 
alizarinate solution is followed by a change to yellow, providing sufficient 
ZrFg — ions have been formed to permit perception of the color of the ali- 
zarinate ions. 

Procedure: One drop of 50 per cent acetic acid and one drop of the neutral 
test solution are successively placed on zirconium alizarinate paper, A 
yellow spot is formed on the red violet paper if fluoride is present. If the 
quantity of fluoride is small it is well to hasten the reaction by warming the 
paper in a current of steam. 

Zirconium alizarinate paper is prepared thus: Dry filter paper is soaked 
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in a 5 per cent solution of zirconium nitrate and 5 per cent hydrochloric acid, 
drained, and then placed in a 2 per cent water solution of sodium ali^irin 
sulfonate. The resulting zirconium lake colors the paj)er red violet. 

Identification Limit: 1 7 fluorine. 

Concentraiion Limit: 1:50,000. 

A'p'plicaiion in the 'presence of other maferiah: Anions which combine with 
zirconium to form complex ions, or to precipitate zirconium, act in the .same 
way as fluorides, namely, by .shifting the zirconium alizarinate e(iuiUbrium. 
These include considerable quantities of sulfate, which forms complex 
zirconium sulfuric acid, H2Zr(SO03; phosphates, ai^senates, or oxalates, 
which produce difficultly soluble normal salts. Oxalates can Ix' removed by 
a preliminary" ingnition of the samj)le. The removal {)f sulfab's is accom- 
plished by treating the test solution with bcnzi<]ine hydrochloride which 
precipitates benzidine sulfate; several drops of the Ixmzidine sulfate sus- 
pension are then placed on the reagent paper. The yellow ctdor prod need 
by fluorides can then be easily seen on the other side of tlu‘ i>apej-. 

Since even solid fiuorides, such iis calcium fluoride, decolorize zirconium 
alizarinate solution, the following procedui-e can be used to dett'ct fluoride 
in the presence of interfering anions. The neut ral or ah'oliolic test solution 
is treated with calcium chloride, the precipitated calcium salt is colUaded, 
ignited and then digested with dilute hydrochloric acid. The calcium 
fluoride which is insoluble in dilute acids is isolated, transferred to a spot 
plate, and then treated with a drop of zirconium alizarinate solution con- 
taining hydrochloric acid. The latter reagent is a solution of 0.t)5 g. 
Zr(NOa)4 in 50 ml. water and 10 ml. hydrochloric; acid, ])lus a solution <jf 0.05 
g. sodium alizarin sulfonate in 50 ml. water. 

5. Detection of Cyanide 

Chemical Basis: Decomposition of copper sulfide by formation of complex 
copper cyanide. If cupric solutions are treated with alkali cyanide they 
are decolorized immediately. The reaction proceeds in three stages. (1) 
formation of cupric cyanide; (2) decompo.sition into cuprous cyanide; (3) 
solution in the excess cyanide forming colorless comi)l(;x cyanide. This 
series of reactions is represented; 

2CX-->Cu(CN)* (D 

2 Cu(CK) 2 Cus(CN)s + (CN)j <2) 

Cuj(CN)j + 2 CN- Cu*(CN)r ^ 

Despite this complicated course of the reactions, the formation-tendency 
and stabUity of the complex cuprous cyanide Is so great that hydrogen 
sulfide or alkali sulfides produce no precipitate when added to solutions con- 
taining the Cu 2(CN)4-- ions. Consequently, cyanides mask the pre- 
cipitation of copper as sulfide. This fact is especially noteworthy as on y 
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a few examples of the masking of sulfide precipitations are known, because 
the .sulfides, in general, have extremely small solubility products. Both 
freshly precipitated and aged copper sulfide dissolve in alkali cyanide to 
form Cu 2 (CN )4 ion, and this reaction is the basis of a rather sensitive 
test for cyanide. The solution of copper sulfide by alkali cyanide can be 
made in a drop of a copper sulfide suspension, which becomes clear and 
colorless on the addition of potassium cyanide. It is better to utilize finely 
divided copper sulfide which has been precipitated in the capillaries of 
filter paper because, under these circumstances, it is possible to detect even 
small quantities of cyanide. 

Procedure: A drop of the neutral or alkaline test solution is placed on 
freshly prepared copper sulfide paper. In the presence of cyanide a white 
ring will be formed. 

Copper sulfide paper is prepared thus: Filter paper is impregnated with 
an ammonical solution of 0.1 g. CuSOi-SHsO in 100 ml. water, and dried. 
Immediately before the test the paper is exposed to hydrogen sulfide and 
thus colored a uniform yellow brown. 

Identification Limit: 1.25 y cyanide. 

Concentration Limit: 1:40,000. 

Application in the presence of other materials: The foregoing test* for 
cyanide is also valid in the presence of ferrocyanide, ferricyanide, chloride, 
bromide, iodide, and thiocyanate. 

6. Detection of Free Acids or Basic Compounds in Solutions of 
Aluminum Salts 

Chemical Basis: Conversion of ion into complex Al(C20i)i ion. 
All aqueous solutions of aluminum salts react acid toward acid-base in- 
dicators because of the hydrolysis; 

A1+++ -I- 3 H,0 AI(OH), + 3 H+. 

This hydrolysis is so extensive that even solutions of basic aluminum salts, 
such as aluminum acetate, Al(OII)(CH 3 'COO) 2 , react acid despite the fact 
that they contain the basic OH group. 

Addition of neutral alkali oxalate converts the Al'^ ions immediately 
and completely into the complex aluminum oxalate ions: 

AI+++ + 3 CjOr Al(CjO*)— . 

This stable anion does not undergo hydrolysis. Consequently, when the 
Al''^+ ions of an aqueous solution of an aluminum salt have been masked 
by oxalate ions, the solution will exhibit an acid reaction toward indicators 
only if it originally contained free mineral acid. Solutions of pure alu- 
minum salts become neutral if they are masked by the addition of alkali 
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oxalate. The action on solutions of basic aluminum salts is analogous; 
the A1+++ ion is masked, but a solution remains which reacts alkaline toward 
indicators. Consequently, the masking of ions can be utilized to 

detect the presence of free acid or basic compounds in aluminum salts. 

The following reactions occur 

(1) Neutral Al-salts: 

A1,(S04)i + 6 NajCiOi 2 NaiAl(C, 04 )i + 3 NajSO*. 

(2) Acid Al-salts: 

HjSOi + Al,(SOi), + 6 NaiC ,04 2 Na,Al(C,0*), + 3 + HtSOi. 

(3) Basic Al-salts: 

AI(OH)(CH,.COO), + 3 Na,Ci 04 Na.AKCjO*), + 2 CH.COONa -|- NaOIL 

Procedure: Several crystals of sodium oxalate arc stirred into one or two 
drops of the test solution on a spot plate. The resulting mixture is tested 
for free acid or free base with methyl orange or phenolphthalein. 

7. Detection of Amorphous Silica 

Chemical Basis: Demasking of silver-ammim chromate. Silver chromate 
(red-brown) dissolves in excess ammonia water and forms silvcr-ammine 
chromate. The solution is light yellow because of the presence of Cr 04 
ions. Consequently, digestion of freshly precipitated silver chromate with 
ammonia, followed by filtration, produces solutions in which tlie precipita- 
tion of brown silver chromate is masked because of the presence of am- 
monia. Such solutions present the equilibrium: 

(AgNn,)jCr04 2 NH. -f Ag,CrO*. 

This equilibrium of the masked reaction is disturbed by the addition of all 
materials which consume ammonia; demasking occurs and red-brown silver 
chromate precipitates. These silver-ammine chromate solutions can thus 
be used to detect soluble or slightly soluble inorganic or organic compounds 
which exhibit acid characteristics. 

The behavior of the anhydride of silicic acid is particularly interesting 
and useful. Pure silica in its crystalline form (quartz sand, rock crystal, 
etc.) does not react with this reagent even though it has been very finely 
pulverized. In contrast, amorphous silica, either hydrous or ignited, re- 
acts immediately with silver-ammine chromate solutions. Consequently, 
the demasking of this reagent furnishes a means of distinguishing between 
crystalline and amorphous silica. The “gangue” remaining after oxide 
rocks have been dissolved, and the siliceous residues left after the solution 
of impure metals, alloys, etc. in acids, apparently contain amorphous 
silica because they react positvely when spot tested with silver-ammine 



166 


INORGANIC ANALYSIS 


chromate solution, even after they have been freed of free mineral acid by 
thorough washing with hot water. 

The action of silica on masked silver chromate solution is probably of a 
different nature than that due to slightly soluble acid compounds. The 
latter cause the precipitation of silver chromate as the result of a chemical 
reaction in which the equilibrated ammonia is consumed in the formation of 
the particular ammonium salt. The direct formation of an ammonium 
salt is not involved in the case of amorphous silica, particularly that con- 
tained in ignited products. It is much more likely that ammonia is rapidly 
adsorbed on the surface of the finely divided silica; this adsorption likewise 
disturbs the equilibrium and results in the precipitation of silver chromate. 

Procedure: Small quantities of the sample, which must be freed from 
adhering mineral acids, are treated with two or three drops of silver-am- 
mine chromate solution on a spot plate. A red-brown or brown color im- 
mediately develops on the surface of the powder, the intensity depend- 
ing on the quantity of amorphous silica present. 

It should be noted that a drop of the reagent placed on a spot plate 
gradually precipitates silver chromate on the surface turned toward the 
air. I.OSS of ammonia is responsible. This decomposition is slow and the 
silver chromate formed under these conditions is finely crystalline and floats 
as a dark brown layer on the surface, whereas the chromate produced by 
the action of silica adheres to the solid test material. 

The behavior of moist and of ignited silica, as well as that of pulverized 
quartz or sand, toward the reagent solution should be compared with 
amorphous silica prepared especially for comparison tests. Sodium silicate 
is evaporated on the water bath with hydrochloric acid, and the residue, 
amorphous silica, thoroughly washed with hot water. A portion of this 
comparison test material should be ignited. 

Silver-ammine chromate solution is prepared as follows: Silver nitrate 
solution is treated with potassium chromate. The precipitate is washed 
with hot water and then shaken with less than the required amount of 6 A 
ammonia water. After standing one hour the suspension is filtered and the 
filtrate preserved in a tightly stoppered bottle. On long standing the 
reagent becomes turbid but can be restored by filtration. 

Application in the presence of other materials: Acids, acid salts, salts which 
react acid because of hydrolysis, slightly soluble acid anhydrides such as 
M0O3, As 20 s, AS2O6, Sb 20 t, B2O3, etc., act toward masked silver chromate 
solution in the same manner as amorphous silica. 

The behavior of tungstic acid is noteworthy. The hydrate, H2WO4, 
reacts immediately, whereas strongly ignited WO3 is inactive toward silver- 
ammine chromate solution under the foregoing conditions. 
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D. Tests by Means of Catalysis Reactions 

Catalysts, by definition, are materials wliieh, in minimal quantities, are 
capable of increasing the rate of chemical reactions. They exert this action 
only on quite particular reaction systems, ^vithout appearing in the stoi- 
chiometric equation as a participant in tlie reaction. ConsiHiuently, if a 
catalj'st can be detected by its accelerating action on a characteristic n'- 
action, that is, if the catalyzed reaction can lx* utilized to detcxrt the cata- 
hst, the demands of greater sensitivity as ^vell as extensive select ivity 
have been met. 

All catalyzed reactions involve an increase in the reaction rate of chemical 
changes wliich of themselves proceed slowly. A*catalyst cannot cliange 
the equilibrium state of a system. Most of tlio catalyses omjilovoil for 
spot test analysis occur in homogeneous systems, As to the mechanism 
of this type of acceleration it sliould be noted tliat, strictly speaking, a 
single material does not accomplish the acceleration. A reaction always 
occurs in which the catalyst is involved as an active i)articipant. Tlie 
product of this primary reaction contains the catalyst and takes part in a 
succeeding (secondary) reaction regenerating the catalyst, which t lien again 
participates in a new primary reaction, and so on. A cycle of this kind is 
known as intermediate reaction catalysis. A general representation of this 
type of catalysis will make these relation.-^hips clear. If the naictarits of 
the catalyzed reaction are denoted: A, li, and AH, tlie catalyst = ml, 
and the labile reaction product of the catalyst = cat A , then tlie jxirt ial 
reactions (1) and (2) can be added to gix’c the net e((uation (3) of the cata- 
lyzed reaction. The catalyst does not appear in this ecpiation. Hi is is 
in conformity with the foregoing definition of a catalyst. 

A A cal cal A (1) 

calAA-B-^ A B -f cal (2) 

A+ AH (.3) 

Closely related to the tnie catalyzed reactions arc “induced reactions.” 
These are reactions which normally proceed slowly, but whose? rate is greatly 
increased bj^ the simultaneous occurrence of another reaction involving the 
same reaction partner. The common reactant i.s called the “actor,” iis 
partner in the inducing reaction is the “inductor,” and in the Induced 
reaction its partner is the “acceptor.” Induced reactions are known which 
are initiated by such small quantities of inductor that apparently they do 
not differ from catalyzed reactioas. However, the mechanism of these 
two types of reactions is different in that the inductor of an induced reaction 
is consumed during the course of the inducing reaction, whereas the catalyst 
of an intermediate reaction catalysis is constantly regenerated. 
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1. Detection of Bismuth 

Chemical Basis: Catalysis of the Pb{OH )2 — SnOt reaction by hisimUh 
salts. Alkaline solutions of sodium or potassium stannite reduce bismuth 
salts almost instantly to finely divided metallic bismuth, which then ap- 
pears as a black precipitate or a black to brown coloration: 

2 Bi(OH)j + 3 SnOf" 2 Bi + 3 SnOr" + 3 H,0. 

At room temperature alkaline stannite reacts very slowly on lead salts. 
For instance, if a drop of I per cent lead nitrate solution is treated on a spot 
plate with one drop of alkaline stannite solution, the brown color indicating 
the beginning of the reduction will not appear until 3 to 10 minutes have 
elapsed. The reaction: 

Pb(OH)j + SnC^- Pb + SnOf- + H,0, 

which normally proceeds very slowly, is speeded up tremendously if bis- 
muth is precipitated simultaneously by the analogous reaction. This 
acceleration of the lead reduction is accomplished by quantities of bismuth 
so small that they themselves cannot be detected by reduction with alkaline 
stannite solution. Antimony and thallium salts behave in the same man- 
ner as lead salts; they are only slowly reduced by stannite, but their re- 
duction occurs rapidly if traces of bismuth salts are present. 

Cadmium salts are not reduced at all by stannite, but if minute quan- 
tities of bismuth are present the reduction occurs smoothly in warm solu- 
tions. This finding is of importance in clearing up the mechanism of the 
acceleration accomplished by bismuth salts. The reduction of bismuth 
(III) salts by stannite proceeds through lower labile, extremely reactive 
oxides of uni- or bivalent bismuth. These, in turn, reduce lead, antimony, 
thallium, and cadmium salts to the respective metals and the reduced bis- 
muth is reconverted to the trivalent condition. 

The catalytic activity of bismuth in the reduction of lead can be used 
as the basis of a spot test for bismuth under definite prescribed conditions. 

Procedure: A drop of the acidified (HCl) test solution, a drop of saturated 
lead chloride solution, and two drops of stannite solution are placed on a 
spot plate and stirred together. When considerable quantities of bismuth 
are present a precipitate of metallic lead and bismuth appears immediately. 
If smaller quantities of bismuth are involved a distinct brown color appears 
after 1 to 3 minutes. The color gradually darkens, and finally the lead is 
completely precipitated. Since lead salts are reduced when alone, though 
the action is very slow, it is best when testing for small quantities of bis- 
muth to run a blank test with one drop each of hydrochloric acid and lead 
chloride solution and two drops of stannite. 

The stannous chloride solution contains 5 g. SnCIj -21180 dissolved in 
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100ml. concentrated hydrochloric acid and then dilute to 100 ml. with water. 
The stannite solution is prepared just before use by mixing ccjual volumes 
of 25 per cent sodium hydroxide and stannous solutions. Freshly prepartnl 
stannite solutions are required because on long standing alkaline stannite 
solutions often deposit free tin by the reaction: 

2 NajSnO, + H,0 Na,SnOi 4* 2 NaOH + Sn, 

in which half of the stannite is oxidized and the other half reduced. 

Identification Limit: 0.01 y bismuth. 

Concentration Limit: 1:5,000,000. 

Application in the presence of other materials: It hjs been previously men- 
tioned that the reduction of bismuth salts is catalyzed not only bv the 
reduction of lead salts but also by the analogous reaction of antimony and 
thallium salts. They do not impair this test for bismuth because the 
reduction of lead and thallium salts by stannite proceeds extremely slowly. 
The circumstances are different, however, when copper and mercury salts 
are present because the\% especially the latter, are reduced rapidly by stan- 
nite. These interferences can be overcome by simple measures. In the 
presence of copper it suffices to precede the addition of stannite with a drop 
of 5 per cent potassium cyanide solution. This forms colorless K 2 Cu 2 (CN) 4 , 
which docs not affect stannite. In this way, and if a parallel tost with 1 
per cent copper sulfate solution is made, it is possible to detect 0.1 y bis- 
muth in the presence of 10,000 times this quantity of copper. 

Mercury salts must be removed beforehand. This Is conveniently done 
by evaporating a drop of the test solution in a i)orcelain microcrucible and 
igniting the residue. The ignition residue is taken up in one drop of 1 
hydrochloric acid and tested for bismuth by the procedure previously out- 
lined. In this way, 0.05 y bismuth can be detected in the presence of 
10,000 times this quantity of mercury. 

2. Detection of Silver 

Chemical Basis: Catalytic hastening of the reduction of manganese (III) 
ami cerium (/F) by hydrochloric acid. The higher oxides of man- 
ganese, the salts of manganese (III) and (IV), a-s well a.s cerium (IV) salts 
are reduced with liberation of chlorine if they are warmed with concentrated 
hydrochloric acid: 

MnO, + 4 HCl MnCb -H 2 HiO -f Cl*. 

2 Ce(NO ,)4 -h 8 HCl ^ 2 CeCl, + 8 UNO, + Cl,. 

No liberation of chlorine, or very little, occurs at room temperature and 
with dilute hydrochloric acid (up to 2.5 N). Consequently, it is possible 
to prepare brown solutions of MnCb or yellow solutions of CeCU which 
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can be kept for some time. On wanning, these solutions decompose evolv- 
ing chlorine and forming colorless solutions of MnClj and CeCh, respec- 
tively. However, if these fairly stable colored solutions containing hydro- 
chloric acid are treated with traces of silver salts the color fades almost 
instantly. The silver ion, or the silver chloride present in hydrochloric 
acid solution, acts as a positive catalyst in these reactions. 

It is probable that the mechanism of the catalyzed production of chlorine 
involves intermediate formation of HAgCb, resulting from the union of 
silver chloride and hydrochloric acid: 


AgCl + HCl HAgCb. 

Silver chloride dissolves in strong hydrochloric acid, in accordance with this 
equation, and the hydrochloric acid coordinated on silver chloride is more 
reactive than free hydrochloric acid. The activation of hydrochloric acid 
by silver chloride Is not limited to Mn (III), Mn (IV) and Ce (IV) salts, 
but chromates and vanadates may be reduced more quickly by hydrochloric 
acid if small quantities of silver salts are present. 

The catalyzed liberation of chlorine with Mn (III) and Ce (IV) salts is 
brought about by such minute quantities of silver that this can be used as 
the basis of a test for both soluble and slightly soluble silver salts. 

Procedure: Three drops each of the reagent solution Mn (III) or Ce (IV) 
and two drops of dilute hydrochloric acid are placed in adjoining depres- 
sions of a spot plate. A drop of the test solution is added to one of the 
mixtures, a drop of water to the other. The color is discharged more or less 
rapidly according to the quantity of silver present. 

The reagents are prepared thus: Mn (III) solution. 0.6 g. MnS 04 - 
4 H 20 dissolved in 60 ml. water and 20 ml. concentrated HCl is treated with 
10 ml. O.l N KMn 04 solution and shaken thoroughly. Just before use, 
15 ml, of this solution is diluted with 50 ml. HCl ( 1 : 3 ). 

Ce (lY) solution. 0.25 g, cerium ammonium nitrate is treated with 10 
ml. dilute nitric acid and diluted to 100 ml. with winter. 

Identification Limit: 0.04 7 silver 

Concentration Limit: 1:120, OIK) 


in presence of Mn (III) salt 


Identification Limit: 0.05 7 silver 
Concentration Limit: 1:1,000,000 


■in presence of Ce (IV) salt 


Application in the presence of other materials: The foregoing tests are 
specific for silver, but the presence of considerable quantities of colored 
ions interfere because it is difficult to see the decolorization of the Mn (III) 
or Ce (IV) solutions. The catalyzed reaction can also be employed to 
detect silver in the mixed precipitate (AgCl + HgaCb + TlCl) obtained on 
the addition of hydrochloric acid in the systematic scheme of analysis. 
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The chloride precipitate is washed, dried, and ignited in a microcrucible 
to eliminate HgCh and TlCl. The residue is cooled and treated with one 
or two drops of Mn (III) or Ce (IV) solution. If silver is present the color 
is discharged. 


3. Detection of Copper 

Chemical Basis: Catalysis of the — SnOs reaction by copper salts. 

The net reaction between ferric salts and alkali thiosulfates can be repre- 
sented by the equation: 

2 Fe-*^ -f- 2 S,Or- 2 + S.Or'. 

This reaction occurs in two stages. A stable violet complex anion 
Fe (8203)2“ is formed first by the union of one ferric with two thit>.sulfati> ions. 
This colored material reacts at a measurably slow rate with ferric ion: 

Fe{SA)r + Fe^ 2 Fe^ + SA". 

Copper salts accelerate the second partial reaction and .so speed up the 
total reaction between ferric ion and thiosulfate ion. In other words, the 
red coloration due to the intermediate ferri -thiosulfate disap jiears far more 
quickly in the presence of copj)er ion.s than in a solution containing no cop- 
per. This catalysis probably involves the iiitorme<liat(? formation of 
cuprous salts produced by reduction of cupric salt s with t hiosulfate. Tlu^se 
react quickly with ferri-thiosulfate regenerating the cupric salt. 

If the reaction between ferric salts and thiosulfate occurs in the presence 
of a thiocyanate, the latter will not only act as indicator of the ferric salt 
remaining, but will also retard the reaction. Accordingly, a comparison of 
the times necessary for the decolorization of tlie ferric solution containing 
thiocyanate, in the presence and absence of coi)ixu, can Ix^ us<al to detect 
extremely minute quantities of copper. 

Procedure: A drop of the test solution and a drop of distilled water arc 
placed next to each other on a spot plate. Each is tumted with one drop of 
ferric thiocyanate solution and three drops of 0.1 N sodium thiosulfate. 
The solutions are then mixed with a glass rod. The copper-free solution 
will lose its color in about 1.5 to 2 minutes. The test solutions will fade 
almost immediately if as little as 1 7 copper is present. With still smalh?r 
quantities the differences in the times are easily discerned. 

The ferric thiocyanate solution contains 1.5 g. FeCb and 2 g. KCNS 
dissolved in 100 ml. water. 

Identification Limit: 0.02 7 copper. 

Concentration Limit: 1:2,500,000. 

Application in the presence of other materials: The reaction rate changes 
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quite considerably with small variations in the relative concentrations of 
iron: thiocyanate: thiosulfate. The temperature and the acid content of 
the test solution also influence the reaction velocity. When traces of cop- 
per are suspected it is well to run a blank under the same conditions. The 
possible presence of copper in the reagents must be guarded against; as 
well as the possible delivery of traces of copper by the glass. Such extran- 
eous copper can be completely removed by shaking the suspected materials 
with calcium fluoride or talc and then centrifuging. The necessity of these 
precautions can be demonstrated by comparing the decolorization times in 
distilled and purified water, and in water in which a copper wire has been 
immersed for thirty seconds. 

All arsenic compounds retard the acceleration; aluminum, zinc, and 
nickel salts, to a lesser degree. 

4. Detection of Sulfite 

Chemical Basis: Induced oxidation of Ni{0H)2 to Ni{OH)z. Certain 
oxidations, which normally proceed slowly, are accelerated markedly if 
SO2 is simultaneously oxidized to SO3 (or sulfite to sulfate). For instance, 
the oxidation of AS2O3 by bromate is quite slow, but becomes practically 
instantaneous when sulfite is present. The latter is oxidized immediately 
to sulfate by bromate. Consequently, the SO3 -Br03“ reaction induces 
the slow AsOj -BrOj” reaction. 

The oxidation of SO2 by the oxygen of the air (auto-oxidation) likewise 
induces other oxidations, including the conversion of Ni(OH)2 to Ni(0H)3. 
This is particularly remarkable because normally the change is accom- 
plished only by strong oxidizing agents such as halogens, persulfate, etc. 
For instance, if a dish containing sulfurous acid is placed in a desiccator, 
along with a watch glass which has nickel hydroxide spread on it, the green 
Ni(OH)2 turns black due to the formation of Ni(OH)3. The mechanism 
of this induced reaction probably involves the preliminary formation of an 
addition compound of molecular oxygen (actor) on SO2 (inductor) : 

SO, + Ot SOi- 0 ,. 

This then reacts with the Ni(OH)2 (acceptor) : 

2 Ni(OH), -1- SOrO, -|- 2 H,0 H,SO* -t- 2 NiCOH),. 

The oxidation of Ni(OH)2 when stirred with SO2 and air can be used to 
detect sulfite, because the color change is quite striking. If the quantity 
of SO2 is very small, traces of the Ni(OH)3 formed can be made visible by 
spotting with benzidine, which produces a blue color (cf. p. 141 ). 

Procedure: A drop of the test solution or several small particles of the 
solid is placed in the bulb of the apparatus (Fig. 25 ) described on p. 51 . 
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A little freshly precipitated nickel hydroxide, washed free of alkali, is put 
on the glass knob extending into the vessel. One or two drops of hydro- 
chloric acid (1 : 1) are added, the apparatus closed, and the SO, lilxTuted by 
warming gently. The green layer of Ni(OH )2 turns gray to black, accord- 
ing to the quantity of sulfite present. If only minute quantities of sulfite 
are involved, the nickel hydroxide on the knob should be exposed to the 
action of the SO,, and then transferred to a quantitative filter paper. A 
blue color will develop when the spot is treated with benzidine acetate 
solution, because colorless benzidine is oxidized to “benzidine blue" by 
Ni(OH)8. 

Alkali-free, washed nickel hydroxide is prepared by treating NiCl, 
solution with NaOH. The benzidine acetate solution contains 0.05 g. 
benzidine base or hydrochloride dissolved in 10 ml. acetic aciil, diluted to 
100 ml. with water, and then filtered. ' 

Identification Limit: 0.4 y sulfur dioxide. 

Concentration Limit: 1:125,000. 

Application in the presence of other 7naicrials: Tlie te.st is s|>ecific for sul- 
fite, if thiosulfate and sulfide are absent. The former generates sulfur 
dioxide when acidified; the latter evolves hydrogen siiKide. 

Finely divided sulfur produces sulfur dioxide when insolatcti. This can 
be demonstrated as follows: Nickel hydroxide is streaked on filU^r pa)X‘r, 
several particles of sulfur arc added, and the specimen exposed to direct 
sunlight for a few minutes. A distinct blue appears if the material is then 
spotted with benzidine acetate solution. 

5. Detection of Sulfur Combined as Sulfide 

Chemical Basis: Catalytic acceleration of the iodine-azide reaction. If 
solutions of sodium azide and iodine (as iodine-potassium iodide solution) 
are mixed, no reaction occurs, even after months of standing. However, if 
the brown iodine-azide solution is treated with a little sodium sulfide or 
sodium thiosulfate, a vigorous evolution of free nitrogen occurs at once, 
with accompanying consumption of the free iodine. 1 he reaction : 

2 NaN, -H I, 2 Nal -t- 3 N,, 

which is thus initiated by sulfide, can also be started by thiosulfate and 
thiocyanate. The action of the sulfur bearing compounds is not disclos(;d 
by this equation, and since even traces of them suffice to accelerate the 
iodine-azide reaction, this is a typical instance of catalysis. 

This effect on the iodine-azide reaction is exerted by all materials, either 
organic or inorganic, containing sulfur in sulfidic linkage. Solubility plays 
no rdle here; even the least soluble metal sufides (HgS, As 2 Sa) act promptly. 
Consequently, mere traces of materials containing sulfide-bound sulfur can 
be detected by the evolution of nitrogen from an iodine -azide solution. 



164 


INORGANIC ANALYSIS 


The mechanism of the catalytically accelerated or initiated reaction be- 
tween iodine and azide probably differs when soluble or insoluble sulfides 
respectively are involved. An intermediate reaction catalysis appears 
obvious if it is assumed that the oxidation of sulfide by iodine does not lead 
directly to iodide and free sulfur as shown in (3), but that a labile compound 
is formed (1) and this rapidly decomposes (2). Summation of (1) and (2) 
gives the net Equation (3). 

NajS + Ij NaSI + Nal (1) 

NaSI Nal + S (2) 

NasS + I, -> 2 Nal -f S * (3) 

When sodium azide is present it can act directly on NaSI and so hinder 
the decomposition shown in (2). Consequently, the following series of 
reactions may occur in the system NajS — la — NaNs in which the sulfide 
appears only in the intennediate Reactions (4) and (5) but not in (6). 

NajS -H Is -+ NaSI + Nal (4) 

NaSI + 2 NaNj Nal + Na^S + 3 Nj (5) 

h + 2"NaN, -> 2 Nal + 3 Nj (6) 

This mechanism of an intermediate reaction catalysis can also be ap- 
propriately applied to tliiosulfate and thiocyanate, which likewise contain 
sulfide-bound sulfur. In the case of thiocyanate the formation of NalSjOj 
(from NaaSaOg and iodine) can be assumed. This active intennediate com- 
pound then reacts with NaNa. 

The assumption of an intermediate reaction catalysis meets with dif- 
ficulties in the case of slightly soluble metal sulfides, which likewise im- 
mediately initiate the iodine-azide reaction. It is hard to justify the forma- 
tion of SI“ ions in the cases of mercuric sulfide and sulfide ores, whose 
solubility in water is infinitesimal. It seems more logical to postulate an 
adsorption of iodine on the surface of the solid sulfides. This adsorption 
activates the iodine and makes it more reactive toward sodium azide. 

The catalytic acceleration of the iodine-azide reaction can be used to 
detect soluble and insoluble sulfides; also thiosulfates and thiocyanates. 
As the reagent solution is usually in excess, the formation of bubbles of 
nitrogen, rather than the decolorization of the iodine, is observed. 

Procedure: (a) Soluble sulfidic compounds. A drop of the test solution 
is mixed with a drop of iodine-azide solution on a watch glass. (A sheet 
of black glossy paper behind the watch glass improves the visibility.) 
Immediate liberation of gas bubbles indicates the presence of sulfide, 
thiosulfate, or thiocyanate. If small quantities only are present, little 
bubbles adhering to the watch glass will be seen in one to two minutes. 
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Identification Ldmits: Concentration Limits: 

0.02 7 sodium sulfide 1 : 2,500,000 

0.04 7 sodium thiosulfate 1 : 1,250,000 

1.5 7 potassium thiocyanate 1:33,000 

Still smaller quantities of sulfide, thiosulfate, or thiocyanate can be 
detected if a micro-drop of the solution is evaporated in the loop of a 
platinum ^\ire. This is accomplished easily if the wim is heated to Klo^\fing 
about 2 centimeters from the loop. The ro.st of tlie proctHlure is that 
given in (6) for the detection of minute quantities. 

(6) Solid sulfidic compounds. Very small quantities of solid sulfides 
can be detected by covering a particle of the specpien on a watch glass 
with a drop of iodine-azide solution. After a short time, the bubbles 
can be seen on the top of the drop. 

Much smaller quantities can be detected if a drop of sodi\im azidc- 
iodine solution is placed in a capillary or in an Emich niicroe(‘ntrifuge 
tube. A particle of the specimen is then introduced into the su.siMmded 
drop with the point of a platinum wire bent at about 45"^ (Fig. 3G). If 
sulfide is present bubbles that can easily be seen with the nakc<l eye or 
a magnifying glass will rise in the capillary or in the constricted portion 
of the microcentrifugc tube. Another sensitive method of conducting 
this test for solid sulfides is described on p. 214. 

The iodine -azide solution contains 1 g. sodium azide and 1 g. pota.s.sium 
iodide dissolved in 3 ml. water. A small crystal of iodine is added. 

Application in the presence of other materials: The catalyzed io<line-azido 
reaction is specific for sulfide-1 )Ound sulfur in solul)le and slightly soluble 
compounds. Free sulfur, sulfur (IV), sulfur (VI) (sulfite, sulfate) do not 
react, Selenides and tellurides, which ordinarily resemble sulfides in 
their reactions, do not respond to this test. 

Sulfo salts, such as 2 HgS'HgCl 2 or similar molecular compounds of 
sulfides, react promptly. They can thus be detected in the presence of 
sulfates, free sulfur, and so forth. For this reason the iodine-azide reaction 
is useful for the solution of many special problems (sec p. 229). 

An interesting application is the detection of thiocyanate in the presence 
of compounds which do not permit the use of the familiar ferric -thiocyanate 
reaction. Examples are oxalic acid, tartaric and other organic hydroxy 
acids, phosphoric acids, ferrocyanides, iodides. In the presence of these 
organic acids or of phosphoric acid, the formation of complex iron salts 
prevents the thiocyanate reaction completely or to a great extent; fer- 
rocyanides produce Prussian blue. If iodides are pre.sent the thiocyanate 
test cannot be applied because iodine is liberated : 

2 -p 2 I “* 2 Fe"^ -H Ij, 
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and the color makes it impossible to see the red ferric thiocyanate. These 
anions, with the exception of phosphate and ferrocyanide, do not interfere 
with the iodine-azide test for thiocyanate. Phosphate and ferrocyanide 
decrease the sensitivity of this test for thiocyanate only when they are 
present in considerable quantities. 

E, Spot Tests by Induced Precipitations 

Induced precipitation may be defined as the initiation of a precipitation 
which does not occur by itself or which proceeds at an immeasurably slow 
rate, through the simultaneous formation of another precipitate by the 
same precipitant. AccJordingly, the formation of the main precipitate and 
of the coprecipitated material requires a common ion known as the “actor.” 
The other ion involved in the precipitation of the main precipitate is the 
“inductor,” that of the co precipitated material is the “acceptor.” The 
inducing precipitation must always occur to a considerable extent so that 
the induced precipitation of small quantities of material will be assured. 
This requirement and the definite consumption of the inductor distin- 
guishes induced precipitations from catalyzed reactions, in which a primary 
reaction (of the catalyst) also initiates a second reaction (of the catalyzed 
system). 

The formation of mixed crystals, occlusion, adsorption, and the formation 
of complex compounds all play a part in induced precipitations. Fre- 
quently the single effects cannot be kept apart. Some proceed concur- 
rently, others in turn. 

Induced precipitations can be utilized for analytical purposes. The co- 
precipitation may be revealed by an abnormal color, or by a more copious 
formation of precipitate. Sometimes the induced precipitation accom- 
lishes a selective accumulation of the acceptor which, after the precipitate 
has been dissolved, can be identified by an appropriate special reaction. 

1. Detection of Barium 

Chemical Bam: Iriduced precipitation of lead sulfcUe from a masked 
solniion. Lead sulfate dissolves easily in ammonium acetate solution 
containing acetic acid, forming a complex lead acetate. Consequently, no 
lead sulfate precipitates when sulfate ions are added to lead solutions con- 
taining considerable quantities of ammonium acetate and acetic acid. Ac- 
cordingly, solutions which still contain free S07” ions can be prepared by 
dissolving lead sulfate in ammonium acetate solution. If a solution of this 
kind is used to precipitate barium as BaS 04 , the precipitate contains not 
only barium sulfate, but also considerable quantities of lead sulfate. This 
is probably due to the formation of an adsorption compound of BaSOi 
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plus PbS04, or possibly these two slightly soluble sulfates form mixed 
crystals. The precipitation of lead sulfate, which normally does not occur 
from solutions containing acetate, therefoi-e is inductnl by the precipita- 
tion of barium sulfate. The formation of the extra quantity of precipitate 
raises the sensitivity of the barium sulfate reaction. Accordingly, barium 
solutions, which are so dilute that sulfuric acid produces no visible precipi- 
tate, or only after several hours standing, give a distinct turbidity im- 
mediately when an acetous solution of lead sulfate is mlded. 

Procedure: The reagent is prepared by mixing 2 ml. of 10 per cent lead 
acetate solution with 2 ml. of 2 sulfuric acid and then dissolving the 
precipitated lead sulfate by adding solid ammonium acetate to the suspen- 
sion. A drop of the neutral or slightly acid tost solution is treated with 
a drop of the lead sulfate reagent. The reaction can l)e carried out in a 
micro -test tube or on a watch ghvss (black glos.sy pai>er lx‘n«‘atli). A 
more or less intense turbidity or white preciintate will form, tlc]>endihg 
on the quantity of barium present. 

Application in the presence of other materials: The test for barium is 
not specific, since the coprecipitation of lead sulfate is also induced by the 
precipitation of strontium sulfate and calcium sulfate. Consetjucntly, if 
an unknown mixture gives a positive reaction, the test give.s no information 
beyond revealing the presence of alkaline earth metals. 

2. Detection of Sulfate (Barium) 

Chemical Basis: Irreversible tinting of barium sulfate pTccipilatcd in the 
presence of potassium permanganate. If barium sulfate is precipitated 
from a solution containing a considerable quantity of potassitim i>crmaii- 
ganate, the precipitate will be deep red -violet. The color is due to an 
adsorption or incliLsion of KMnOi in the crystal lattice of the nascent 
barium sulfate. iVged precipitated barium sulfate does not take up {)er- 
manganate; thus substantiating the foregoing statement. Ihe iierman- 
ganate fixed on barium sulfate is quite resistant to reducing agents 
SOz, H2C2O4, etc.) which ordinarily react with it at once. Hence, the 
excess permanganate in the solution can be separately <leco]orized by 
reduction to manganous ion, and the violet tinted barium sulfate thus 
made visible. Since the barium sulfate precipitation is a test for cither 
SOr- ions or Ba++ ions, this tinting reaction can be uf5cd for detecting 
either ionic species. 

Procedure {Test for 507")- Three drops of the solution to l^c te.sted are 
mixed with a drop of a saturated solution of potassium permanganate on 
a spot plate. A drop of this solution is placed on filter paper which has 
been soaked in 0.5 N barium chloride and then dried. ^The test paper 
is then placed for 7 to 10 minutes in an oven at 70°-80®C. The excess 
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barium cliloritle is removed by immersing the paper in water for one minute. 

It is then held briefly in a stream of tap water, and then placed in 1 N 
oxalic acid solution. A pink ring will remain if sulfate is present. 
Idenlification Limit: 2.5 y sulfuric acid. 

Concentration Limit: 1:20,000. 

Procedure {Test for Strips of filter paper are soaked in 0.5 N 

sodium sulfate and then dried. This sulfate paper can be kept on hand. 
Three drops of the solution to be tested are placed on a spot plate or in a 
microcrucible. A drop of saturated permanganate solution is added. 
An alternative method is to treat a drop of the test solution with a droplet 
of permanganate of appj*oximately one third the volume. A drop of the 
violet solution is placed on dry sodium sulfate paper and then kept for 
7 to 10 minutes in an oven at 70®-80®C, The original violet ^vill disappear, 
and the paper will become brown because of the manganese dioxide result- 
ing from the reaction of the cellulose and the permanganate. The sensitiv- 
ity of the test reaction i.s somewhat decreased if the drying is prolonged. 
The dried spot paper is bathed in a solution of sulfurous acid until the last 
traces of manganese dioxide have faded. The complete reduction and 
removal of the dioxide and the excess permanganate require about 1 to 2 
minutes. A violet fleck or ring, depending on the quantity of barium, 
will be seen on the perfectly white paper at the place where barium sulfate 
was formed. 

Identification Limit: 5 y barium. 

Concentration Limit: 1 : 10,000. 

The test can also be carried out in an Emich centrifuge tube. One 
drop ol the test solution is mixed with 3 drops ol a cold saturated solution 
of potassium permanganate. Several drops of dilute sulfuric acid are then 
added, and the color is discharged with a solution of sulfurous acid, 
added drop by drop. The violet barium sulfate precipitate is collected 
in the tip of the tube by centrifuging. It can be clearly seen there against 
a white background ; if necessary, under a magnifying glass. 

Identification Limit: 2.6 7 barium. 

Conceniralion Limit: 1:20,000. 

Application in the presence of other materials: The foregoing test is 
specific for the detection of sulfate ion. With reference to the test for 
barium, it should be noted that strontium sulfate becomes slightly tinted. 
Consequently, if strontium salts are to be tested for barium, a blank test 
should be made with samples of pure strontium salts. As little as 5 7 
barium can be detected in the presence of 2500 7 strontium. Calcium 
sulfate does not take up permanganate. On the other hand, lead sulfate 
precipitated in the presence of permanganate behaves like barium pre- 
cipitate. 
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3. Detection of Titanium 

Chemical Basis: Induced precipitation of tilanium by prccipitaiion of 
zirconium arsenate. Zirconium salts react in acid solution with arsenic 
acid and immediately form slightly soluble zireomiim arsenate. Under 
these conditions, titanium salts only react slowly, and the more acid and 
dilute the solution the less complete their reaction. If, however, zircon- 
ium and titanium arc both present, almost all the titanium is coprecipi- 
tated with the zirconium aisenate. After the suspension iscentrifuged 
and the precipitate dissolved in sulfuric acid, the titanium, which has 
thus been localized, can be identified by an approi>riate reaction. 

The test for titanium is a drop reaction only ih so far as a droji of the 
test solution suffices. A dilute solution is prepared from this drop and an 
abundant zirconium precipitate can then be obtained from this dilute 
solution. If very dilute titanium solutions are involved from the .start, 
the follomng procedure can be used. It still gives positive results in 10 
ml. of a solution diluted 1:10,000,000. The test involve.s the ]XTtitanic 
acid reaction. The very sensitive test with chromotropic acid dc.scrilwd 
on p. 205 can also be used. 

Procedure: Ten milliliters of the test solution are mixed with one drop 
of 1 per cent solution of zirconium salt, 20 drops of 20 cent arsemie 
acid solution are added, and the mixture is warmed for a short time. 
After cooling, the precipitate is collected by centrifuging. TIk* precipi- 
tate is dissolved in warm 6 N sulfuric acid and the solution is treab^d with 
3 per cent hydrogen peroxide. If titanium is present, tlie solution turns 
yeWow. The color is due to the formation of the complex yellow poroxo- 
disulfato-titanium ion 

0 

/ \ 

Ti (SO*), . 

\ / 

0 

This is formed by the reaction: 

TiOSO* + HA -H H^SO* - H,0 + HdTiO,(SO*),]. 

Application in the presence of other materials: The localizing procedure 
just described accomplished a selective separation of titanium from the 
accompanying materials which normally interfere with the identification 
of titanium by means of hydrogen peroxide. Small quantities of titaniurn 
can thus be detected in the presence of considerable iron, vanadium, and 
chromium, under conditions at which the normal hydrogen peroxide 
test fails. 
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Direct detection of certain organic compounds by spot reactions, utiliz- 
ing methods that are as simple as the specific or selective detection of 
ions, has hitherto been possible only in isolated cases. In all likelihood 
this condition will continue. The possession of specific or selective tests 
would bo no advantage in view of the many thousands of organic com- 
pounds, since, in practice, it would be impossible to deal in this fashion 
with unknown samples. Far more important than the detection of single 
compounds is the establishment of the presence or absence of certain 
characteristic constituents of organic compounds, either elements or 
definite groups. This information is entirely adequate for many purposes. 
For instance, if it has been proved that sulfur or nitrogen is not present, 
it is certain that the many organic groups containing these elements must 
also be absent- On the other hand, supplementary detection of an SO3H 
or SH group in sulfur bearing compounds often gives adequate information 
as to the nature of the sample. 

Characteristic groups of atoms can sometimes be detected directly by 
their behavior toward certain reagents. If the reaction products are 
colored or have other characteristic properties the procedure employed 
in these tests is quite analogous to that used for spot reactions of inorganic 
compounds. However, another line of attack must be used in the majority 
of cases. Certain groups of atoms are subjected to building up-, rear- 
rangement-, or degradation reactions, quite like those employed in the 
preparation of organic compounds; they are thus transformed into com- 
pounds which either permit an analytical treatment per se because of 
their characteristic color or solubility, or react in a recognized manner with 
certain reagents. Tests requiring preliminary preparative or synthetic 
steps are, of course, more troublesome than the simple te.sts that can be 
applied to inorganic ions. They are also less reliable and definite because 
the formation, as well as the reactivity, of organic compounds is often ex- 
tensively influenced by the presence of other groups in the molecule. The 
possibility of steric hindrance, as well as the presence or absence of acidic 
or basic groups, plays an important r61e. Therefore, the positive or nega- 
tive response to a test for a certain group of atoms may not always be re- 
garded as final and requiring no further consideration. The finding must 
be viewed as merely directive until the positive results of other tests 
corroborate the previous conclusion. 

Organic syntheses and other procedures of preparative organic chemistry 
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for use in spot test analysis must be such as can be carried out with small 
quantities of the test material (1 or 2 drops or particles of solid). Con- 
sequently, only such procedures need be considered as are based on organic 
reactions taking place almost quantitatively. Fussy operations such as 
distillation, crystallization, etc., are not only time-consuming, but in- 
variably involve considerable loss of material. Accordingly, qualitative 
analysis of organic materials with the aid of spot redactions always utilizes 
relatively simple procedures which can Ix^ carrietl out directly with the 
equipment used in inorganic spot testing. 

A. Detection of Certain Elements in Organic Compounds 

The presence of carbon and hydrogen can be taken for granted in all 
organic compounds and no special tests for them are necessary. The 
same is frequently true for oxygen, whose presence is simultaneously 
established by the recognition of groups containing this clement. Sulfur 
and nitrogen are particularly important among the other non-nu^tals that 
arc usually encountered in organic conqx)unds. It is often necessary to 
test for halogens, but not as often for phospliorus and arsenic. The light 
metals may occur as salts of the organic acids, the alkali metals Ixdng 
encountered more frequently than the alkaline earth metals. As a rule, 
it is not often necessary to test for the heavy metals excepting mercury. 
Mercury may be encountei*ed Ixith in the form of its salts and also directly 
linked to carbon. 

The basic principle in testing for the non-metallic elements is the ap- 
propriate destruction of the organic skeleton and the formation of an 
inorganic compound wdiich can then Ijc recognized by the methods com- 
monly employed in qualitative inorganic spot analysis. 

1. Detection of Halogens, CN, CNS 

Chemical Basis: Conversion into a volatile copper halide, etc. Organic 
compounds containing halogen (Cl, I5r, 1), CN, CNh \vh(m boated with 
cupric oxide produce volatile copper halides that confer a characteristic 
green or blue-gieen color on a non-luminoas gas flame. This reaction 
succeeds with all classes of organic compounds but it must be remenibered 
that certain nitrogenous substances (oxycpiinolines, urea anti thiourea, 
a-substituted pyridine derivatives, etc.) containing no halogen will color 
the flame if this procedure is used. These compounds, when decomposed 
by heat in the presence of copper oxide, form small quantities of volatile 

copper cyanide. . 

Fluorine, as is well known, often differs from the other halogeim m its 
reactions. It does form CuF,, but. in contrast to the other copper halides, 
this compound does not volatilize. 
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Procedure: A piece of copper wire, 1 mm. in diameter, is fastened into 
a glass rod; the end of the wire is then beaten out to form a spatula 2-3 
mm. wide. The spatula Ls heated in tlie oxidizing flame and becomes 
coated with copper oxide. A little of the powdered sample or a drop of 
its solution (which should contain no free halogen acid) is gently evaporated 
to dryness on the spatula. The wire is then heated fairly strongly in the 
non-luminous flame of a burner, first in the inner zone and then in the 
lower part of the outer zone. The persistence of the blue or green color 
will vary with the halogen content. A platinum spatula is still better. 
A little copper oxide is mixed with the sample and the mixture heated on 
the tip of the spatula. , 

SensUivUy: The method gives positive results with 0.5 7 chloronitro- 
benzene, 0.25 7 iodoeosin. 

2. Detection of Nitrogen 

Chemical Basis: Conversion into ammonia and identification through 
formation of 2 Ag’MnO%. When organic compounds containing nitrogen 
and hydrogen are heated with lime, ammonia is formed. This can be 
detected easily. A very sensitive test for ammonia is based on its action 
with a neutral solution containing both manganous and silver nitrates. 
The OH"“ ions react : 

2 Ag+ + Mn++ + 4 OH- = 2 Ag + MaOj + 2 IhO. 

The insoluble reaction products arc not formed as a mixture but as an 
adsorption system of free silver and manganese dioxide. This adsorption 
complex is intensely black and consequently serv^es to reveal traces of 
ammonia. 

Tlie test is conveniently made in a small glass tube. The gas evolved is 
allowed to react on paper soaked with the reagent solution. A grey or 
black fleck develops if ammonia is given off. It is well to add some man- 
ganese dioxide to the lime, as otherwise the combustion will be incom- 
plete and tarry products will deposit on and darken the paper, leading to 
the false conclusion that ammonia has been evolved. Oxygen furnished 
by the manganese dioxide will insure complete combustion. A part of 
the ammonia will also be oxidized, but in view of the high sensitivity of 
this test, the loss of ammonia is not important. 

Procedure: A little of the sample is mixed in a hard glass test tube with 
lime and manganese dioxide. Alternatively, a drop of the test solution 
is evaporated to dryness (preferably under reduced pressure) and the 
residue mixed with the lime and manganese dioxide. The open end of the 
tube is then covered with a piece of filter paper moistened with the silver- 
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manganese nitrate reagent solution (for preparation sec p. 227). The tulie 
is slowly heated to redness. A black or gray stain, depending on the 
amount of nitrogen present, appeai-s on the pajM^r. The stain turns blue 
when treated with benzidine acetate solution (pivparation, see p. U2), 
The Mn02-benzidene reaction is discus.si^d on p. 141, 

Smsiiivily: This procedure gives positive ivsults wjtli; 2 y sulfanilic 
acid; 1 y p-nitrosophenol ; 3 y codein liydrochlorido. 

3. Detection of Sulfur 

Chemical Bam: Conversion into alkali sulfide ami ideidificatum through 
the iodine-azide j'eaction. Alkali sulfides are foi'Uied \\ hen organic sulfur 
compounds are heated with metallic sodium or |K)tassium. Since vi*ry 
small quantities of sulfides can be detected by the lllxTation of nitrogen 
in the iodine-azide reaction described on p, 103, this alTord.s a sensitive 
and specific means of testing for organically combined sulfur. The uxlinc- 
azide reaction is carried out in a solution acidified with acetic acid; addi- 
tion of cadmium acetate prevents any escape of hydrogen sulfitlc. 

Procedure: A little of the powdered sample is placed in a small hard glass 
tube whose end is blown out to a bulb. If the saiuplc is li(iuid a micro- 
drop is evaporated to dryness, preferably under slightly reduced pressure 
by connecting the tube to a suction pumiu A piece of potassium the 
size of a pin head is introduced on a small glass rod and any samjfic on the 
walls of the tube can be stroked down with the metal. Tlie tulxi is then 
heated carefully, starting at the open end, until the potassium hiis melted 
and mixed with the sample. Finally, the tube is heated to redness for 
a short time and then placed at once in a micro-test tulxi containing 5 
drops of water. The particles of glass and carbon need mjt be removed. 
One drop of cadmium acetate solution (20 per cent) and then 1 or 2 drops 
of 20 per cent acetic acid are added and, when cold, 1 or 2 drops of iodine- 
azide solution (preparation see p. 165). If a sulfur compound was present 
in the sample, bubbles of nitrogen will be seen. 

Sensitivity: The procedure gives positive results with: 0.3 y thiourea; 
1.2 7 sulfanilic acid. 

4. Detection of Phosphorus apd Arsenic 

Chemical Basis: Conversion into phosphaie {arsenate) by heating with lime. 
Organic compounds or materials containing phosphorus or arsenic form 
heat-resistant tertiary calcium phosphate or arsenate when heated with 
lime. The phosphate will react with a nitric acid solution of ammonium 
molybdate to produce ammonium phosphomolybdate, which can lie 
identified by the very sensitive benzidine reaction (see p. 146). The 
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arsenate can be reduced to the element by a solution of stannous chloride 
containing concentrated hydrochloric acid: 

2 AS+++++ 4. 5 Sn-H- 2 Aa + 5 Sn++++ 

The arsenic can be recognized as a black precipitate or coloration. 
Procedure {pho&'phorus): A few grains of the powdered sample are placed 
in a hard glass micro- test tube or, alternatively, a drop of the test solution 
is evaporated to dryness in the tube. The evaporation is best accomplished 
under slightly reduced pressure by gently warming the tube while it is 
attached to a pump. A few milligrams of lime are added and mixed with 
the sample. The tube^Ls then heated, gently at first, and finally at red 
heat for a few moments. While still hot, it is placed in 2 drops of distilled 
water in a depression of a spot plate. The tube breaks on touching the 
water. The mixture on the spot plate is treated with 2 drops of concen- 
trated nitric acid, which dissolves the calcium salts. A drop of ammo- 
nium molybdate solution (preparation see p. 147) is then added. The spot 
plate is heated gently on an asbestos mat and, after cooling, a drop of 
benzidine solution (preparation see p. 142) is added, followed by 1 or 
2 drops of saturated sodium acetate solution. If the mixture turns blue, 
the presence of phosphorus is indicated, provided arsenic is absent. 

' Procedure (arsenic): A few grains of the powdered sample are placed in a 
hard glass micro -test tube, or a drop of the test solution is evaporated to 
dryness in the tube, preferably by warming and using the suction pump. 
A few milligrams of lime are mixed with the sample and the tube is heated 
gently at first, and finally to redness for a few minutes. The contents 
of the tube are allowed to cool completely and are then dissolved in a few 
drops of concentrated hydrochloric acid. (No particles of carbon will 
remain if the ignition has been complete.) Two drops of a freshly pre- 
pared solution of stannous chloride in concentrated hydrochloric acid 
(35 per cent) are added and the mixture warmed. A black precipitate or 
brown turbidity will appear if arsenic Is present. The turbidity can be 
made more visible by shaking out the mixture with ether. The dark 
particles will then be scon at the ether-w-ater interface. 

Sensitivity: These procedures will give positive results with: 1 7 1- 
phenyl-l-chloroethylene-2-phosphinic acid; 12 7 chloroarsanilic acid; 12 7 
nitroarsanilic acid; 10 7 sodium W-acctoarsanilate. 

B. Detection op Characteristic Groups of Atoms 
The immense number of organic compounds would present a vast chaos 
of materials if it w'ere not possible to arrange them in classes (alcohols, 
carboxyl compounds, amines, etc.) whose members are characterized by 
the presence of certain groups of atoms. The most important function 
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of quaUtative organic analysis is, therefore, to provide reliable means of 
identifying such typical groups. These groups are not only essential in 
the classification of organic compounds but, in many cases, they also 
determine their chemical and physical properties. Only a few of the 
characteristic groups of atoms can be detected directly, that is, by direct 
reaction with suitable reagents capable of forming products \vliich are 
colored or otherwise so characteristic that they can be recognized easily 
by spot reactions. It is usually necessary to use preliminary preparative 
measures (condensation, oxidation, and so forth) to transform the sample 
into materials uhich, in turn, are susceptible to the action of appropriate 
reagents. ^ 

It is not advisable to test unkno^^^^ materials for the presence of typical 
groups with undue haste. As in qualitative inorganic analysis, an orienta- 
tion should be obtained by a series of preliminary tests whicli often give 
valuable indications as to wliich groups should be tested for. The following 
tests will be found useful for directing the operator to a judicious choice: 

Behavior on heating: Concentration of solutions to discover whether 
solid or liquid materials predominate; testing to determine whether the 
sample melts, decomposes, burns completely, or leavi's a residue or ash. 

Solubility in water: Strong organic acids and bases, as well as the alkali 
salts (in many cases, the salts of light metals also) of organic acids, and 
salts of mineral acids with organic bases, are soluble in water. Tlie free 
acids or bases are precipitated on adding mineral acid or alkali to the water 
solutions of these salts (precipitate or separation of oil). 

Solubility in organic solvents: Organic comjKnmds containing hydroxyl 
groups and likewise the salts of organic acids or bases are, jw a rule, not 
soluble in organic liquids immiscible with water. Free organic acids or 
bases, as well as organic compounds having no acid or base character, arc 
often soluble in ether. 

Testing materials not soluble in water: Solubility in fixed alkalies indicates 
weakly acidic compounds ( — COOH, — SH, — OH groups, etc.). Solubility 
in dilute hydrochloric acid points to the presence of nitrogen bases. Neu- 
tral materials remain unchanged when tested with acids and bas<^^s. Con- 
sequently, if the ether solution of an organic compound is shaken out with 
dilute alkali or dilute acid, the resulting salts of organic acids or bases pass 
into the water layer. It is possible to segregate acid, basic, and neutral 
compounds from mixtures by this procedure, 

Rccrystallization and determination of melting point: Recrystallization 
from suitable solvents, followed by determinations of the melting point, 
often furnish valuable indications as to whether pure materials or mixtures 
are at hand. Sometimes separations can l>e obtained by rccrystallizing. 

The foregoing tests are not absolutely trustworthy; they are merely 
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directives which often facilitate further investigation of unknown organic 
materials. They can be made with very small quantities of the sample. 
Frequently the question to be answered by qualitative organic tests is 
the mere detection of certain types of compounds. In such cases prelimi- 
nary tests are not necessary and the operator can immediately proceed to 
determine whether the group tests give positive or negative results. 

1. Detection of Nitroso Compounds ( — NO Group) 

Chemical Basis: Reaction mlk sodium pentacyano-ammine-ferroate. 
Nitroso compounds form highly colored complex compounds with 
the water-soluble qomplex iron cyanides: sodium pentacyano- 
aqua-ferroate Na3[Fe(CN)6H20] and sodium pentacyano-ammine-ferroate 
Na3lFe(CN)6NH3]. 

The color reaction depends on the exchange of the water or ammonia 
molecule for a molecule of the nitroso cofhpounds: 

Na,[Fe(CN) 5 NH,] + RNO NH, + Na*[Fe{CN)6RNO]. 

A few thioaldehydes and thioketones also react with these cyano salts to 
give a blue color. Hydrazine and some of its derivatives give a red or 
violet color. This interference may be prevented by adding a few drops 
of formaldehyde; formhydrazones are produced, which do not i-eact with 
these reagents. 

Procedure: A drop of the test solution is mixed on a spot plate with a 
drop of a freshly prepared (1 per cent) solution of sodium pentacyano-am- 
mine-ferroate. After some time an intense green or, more rarely, a violet 
color develops. 

Sensitivity: This method gives positive results with; 0.15 7 p-nitroso- 
dimethylaniline (emerald green); 1.0 7 a-nitroso-jS-naphthol (dark green); 
2.5 7 isonitroso-acetylacetone (bro^vn -lilac) ; 3.0 7 isonit roso-acetophenone 
(green). 

2. Detection of Nitro Compounds ( — NO 2 Group) 

Chemical Basis: Electrolytic reduction to nitroso compounds and identifi- 
cation with sodium pentacyano-ammine-ferroate. The color reaction of 
nitroso compounds with sodium pentacyano-ammine-ferroate described 
in the preceding paragraphs can be applied to the detection of nitro com- 
pounds if the nitro group is reduced to the nitroso group. The reduction 
can be carried out electrolytically in a drop of the test solution. 

Procedure: A drop of the alcoholic or aqueous test solution is placed in 
a micro-crucible and mixed with a drop of freshly prepared (1 per cent) 
solution of sodium pentacyano-ammine-ferroate and a drop of 4 iV sodium 
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hydroxide. If the addition of alkali produces a coloration, a drop of so- 
dium sulfate solution (5 per cent) should be used instead as the electrolyte. 
The current is passed through the mixture, using a nickel Avire as cathode 
and a lead wire as anode. The current is furnished either bv a fljvsh light 
battery or a 4 volt storage battery. The electrolysis should' be continued 
for at least ten minutes; for small Cjuantities of tlie sample, luilf an hour. 
During the electrolysis, the liquid becomes colored. The color, which 
deepens on standing, is usually green, more seldom, violet. Xo alteration 
in the pale yellow color will be observed in a blank test with sodium sulfate, 
but Avith alkali there is a slight deepening in the sliail(\ 

Sensitmiy: This procedure gives positive results with: 1 .5 y nitrobenzene 
(dark violet), 2 y o-chloronitrobenzene (green); 15 7 p-chlorouitrolxmzene 
(green) ; 0.4 7 0- and p-nitro phenol (dark green) ; 3 7 ouiitrocinnamic acid 
(green), 

3. Detection of Prfmary and Secondary Alcohols 

Chemical Basis: Conversion into alkali xantliatc and identificalion by 
molybdate. Primary and secondary alcohols in the presence of alkali 
hydroxides react with carbon disulfide to produce alkali xanthates: 

ROH + CS, + NaOH CS(OR)(SNa) + H,0. 

All alkali xanthates react with naolybdate, in the presence of mineral 
to form violet compounds soluble in chloroform. These colored materials 
are addition compoimds of molybdic anhydride and xanthic acid of the 
general formula Mo03[SC(SH)OR]2. 

The molybdate-xanthate reaction is very sensitive; even small quantities 
of primary and secondary alcohols, after conversion into th(^ corresponding 
xanthates, can be detected with the aid of acidified molybdate solutions. 

Since esters are partially saponified to alcohols under the conditions of the 
test, they react similarly. Compounds containing the — (Tb-CO'CH^ — 
group also react Avith carbon disulfide and alkali. They form orange- red 
compounds which, on treatment with molybdate, produce chocolate-brown 
precipitates, insoluble in chloroform, and hence interfere with the detection 
of small quantities of alcohols. 

Procedure: A drop of the test .solution, in ether if possible, is shaken for 
about 5 minutes in a test tube with a drop of carbon disulfide and several 
centigrams of solid sodium hydroxide. One or Iavo drops of 1 per cent 
ammonium molybdate solution are then added. Afi soon as the alkali 
has dissolved, the solution is carefully acidified with 2 N sulfAiric acid and 
shaken with 2 drops of chloroform. If alcohols were present, the chloro- 
form solution becomes violet. 
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Sensilivity: Positive results are given by: 1 mg. of ethyl, methyl, or iso- 
butyl alcohol; 0.5 mg. of cyclohexanol; 0.1 mg. of phenyl ethyl alcohol. 


4. Detection of Aldehydes (— CHO Group) 

Chemical Bam: Calalyiic acceleration of ike oxidation of p-phmylene- 
diamine by hydrogen peroxide. In acid or neutral solution, p-phenylene- 
diamine (I) is oxidized by hydrogen peroxide to a black compound (II), 
known as Bandrowski's base. 



The velocity of the oxidation is appreciably increased by aldehydes. 
This peroxydase reaction may thus be applied to the detection of aldehydes 
if the test is carried out in certain definite concentrations of reagent and 
acids, in which the uncatalyzed reaction is retarded whereas the catalytic 
action of the aldehydes is not appreciably affected. 

In neutral solution, all aldehydes produce a black color or precipitate 
and preceded by other transitory colorations [persisting a little longer 
in the case of aromatic aldehydes]. Aliphatic aldehydes react the same in 
both acid and neutral solution, but most aromatic aldehydes form a yellow 
precipitate or color which lasts for some time in acid solution. This dif- 
ference is useful in distinguishing between aliphatic and aromatic alde- 
hydes. The nitriles, aldehyde-ammonia and bisulfite compounds behave 
like their parent aldehydes. The oximes of aldehydes are somewhat less 
reactive. Ketones do not react. 

Procedure: A drop of the reagent solution (2 per cent p-phenylenedi- 
amine), 2 drops of 2 A" acetic acid, and 2 drops of 3 per cent hydrogen per- 
oxide are mixed with a drop of the test solution on a spot plate. If alde- 
hydes are present, a color develops. With large amounts, the color 
appears at once, but only after a short time when small quantities of alde- 
hyde are present. It is always advisable to carry out a blank test on a 
drop of water and also a parallel test omitting the acetic acid, as some alde- 
hydes react more rapidly in acid and others in neutral solution. A yellow 
color in acid solution indicates the presence of an aromatic aldehyde. 
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SensHiviiy: Positive results are given by : 



Acid 


0.02 7 Formaldehyde 

green 

black 


black 

black 

0.25 7 Acrolein 

green 

red 


black 

black 

3.5 7 Benzaldehyde 

yellow 

brown 

black 

0.8 7 Salicyl aldehyde -bisulfite 

orange 

yellow 

black 

60 7 Hexamethylenetetramine 

violet 

violet 


black 

black 


5. Detection of Methyl Ketones (— CO;CH 3 Group) 

Chemical Basis: Reaction with sodium niiroprussidc. Acetaiie reacts 
with sodium nitroprusside and alkali to produce an intense nal -yellow 
color; this changes to pink-violet when acidified witli acetic acid. Under 
these conditions an alkaline solution of nitroprusside is decolorized, but 
the mechanism of this color reaction is not clear. Other methyl ketones 
react similarly to acetone, whereas ordinary ketones give no reaction. 

Procedure: A drop of the aqueous or alcoholic test siilution is mixed in a 
microcrucible with a drop of 5 per cent soilium nitroprusside solution and 
a drop of 30 per cent sodium hydroxide. A sliglit color usually d(welo])s 
after a short time. One or two drops of glacial acetic acid are then added. 
A red or blue color indicates the presence of a methyl ketone. 

Sensiiivity: Positive results are given by: 2 7 aeeiylactdone (purple); 
4 7 acetoacetic ester (orange); 10 7 acetone (pink) ; 15 7 acetone dicarboxyl- 
ic acid (violet). ^ 

6. Detection of Phenols (— C — OH Group) 

/ 

Chemical Basis: Conversion into colored indophenols. If a phenol, who.se 
para position is unoccupied, is treated with a solution of nitrite in concen- 
trated sulfuric acid, i.e., with nitrous acid, a characteristic*, color is ol)tained. 
This is due to the formation of an indophenol, which is a quinoid comiwund. 
The production of the dye results from the fact that the phenol is nitro- 
sated in the para position (I) and the resulting nitroso com]>ound, in its 
tautomeric quinone form, condenses with unchanged plienol, and forms the 



(ID 
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The first step required for the formation of indophenol, namely, the ni- 
trosation, can be obviated if a solution of a stable nitroso compound in 
concentrated sulfuric acid is used as the reagent. 5-Nitroso-8-hydroxy- 
quinoline (III) is suitable for tliis purpose. It reacts -with phenol, for 
instance as follows: 



Sensitivity: The following give positive re.sults: 1 y phenol (dark brown) ; 
2 y resorcinol (red-violet) ; 5 7 o-nitrophenol (green-yellow). 

\ 

7. Detection of Thioketones and Mercaptans (==CS and — CSH Groups) 

/ 

Chemical Basis: Catalysis of the sodium azide-iodine reaction. The reac- 
tion 

2 NaN, + I* = 2 Nal + 3 N, 

normally proceeds very slowly. It is catalyzed not only by inorganic 
sulfides, thiosulfates, and thiocyanates (see p. 164), but also by organic 

compounds that contain the groups =C=S or — SH. Other organic 

sulfur compounds such as thioethers (R — S — R), disulfides (R — S — S — ^R) 
[with the exception of diacyl disulfides (R — CO — S — S — CO — R)], sulfones, 
(R — SO2 — R), sulfinic acids (R — SO2H), and sulfonic acids (R — SO3H), 
or salts of the two last named acids, have only a very slight effect, if any, 
on the reaction. 

Initiation of the iodine-azide reaction can be ascertained cither by the 
formation of bubbles of nitrogen or by the disappearance of the iodine. 
Both effects can be used for detecting the presence of the active — CS and 

^eSH groups (Procedures I and II). Procedure II is the more sensitive, 

but care must be exercised when interpreting its results because other com- 
pounds, under these conditions, may oxidize iodine and thus consume it. 

Compounds containing the s=C=S and — SH groups may be dif- 

ferentiated by the fact that the latter are converted to disulfide 
2 R-SH + I,-» R-S-S-R -1- 2 HI 
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ivhich does not react with iodine-azide solution. Consequently, if a 
sample gives a positive result with the iodine-azide solution, another sample 
should be treated \nth iodine and heated for a short time with sodium ace- 
tate and then tested again with the iodine-azide solution. If a jxisitive 
result is obtained again, the — C==S group Ls present. 

Procedure I: A drop of a solution of the test substance in water or an 
organic solvent is mixed on a watch glass witli a drop of the iodine-azide 
solution and observed for any evolution of nitrogen. T)u‘ rt'^ageut is a 
solution of 3 g. of sodium azide in 100 ml. of 0.1 A" iodine solution. CarlK>n 
disulfide should not be used to dissolve the sample a.s it rx'acts with the 
iodine-azide solution (see p, 163). Either a solid or Ihpiiil compound (after 
removal of the solvent) may be tested directly witli the rojigent. In this 
case it is particularly easy to note a positive reaction, even wlien very small 
amounts of the material are used. 

Procedure II: A drop of the test solution is placerl on filter paper and 
the organic solvent is removed by a current of warm air. Tlie fleck is 
outlined with pencil, and a drop of the sodium azide solid irju containing 
only a little iodine is added. The starch in the pa[)er combimw witli the 
iodine. Consequently, in the absence of compounds containing active 
sulfur groups, a round blue fleck appears. On tlic otlior hand, if the Heck 
contains a material which initiates the iodine-azide reaction, the iodine 
in this area will be consumed and the formation of the blue io< line -starch 
will be prevented in this area. Therefore, a blue circular zone surrounding 
a white inner circle appears. If the sample is a sr)lid it is not necessary 
to put it into solution; several particles can bo placed on filter pafxT and 
spotted "svith the iodine-azide solution. Tlie reagent used in ibis procedure 
is a 2 per cent solution of sodium azide in 0.01 N iodine. 

Sensitivity: Positive results are obtained with 0.005 y thiourea; 0.04 y 
potassium xanthate; 0.03 y rubeanic acid. 

8. Detection of Sulfonic Acids ( — SOjH Group) 

Chemical Basis: Formation of sulfite by alkaline fmion arul ukniification 
of sulfur ous add. If aromatic and aliphatic sulfonic acids are fused with 
caustic alkalies, the sulfonic acid group is replaced by hydroxyl, and alkali 
sulfite is formed. For instance, the reaction in the case of benzene sulfonic 
acid is: 

C,HiSOiH -{- 3 NaOH = CsH^ONa -h NajSOi + 2 HjO. 

As even minute quantities of sulfite, or sulfur dioxide lil^erated on acidifi- 
cation, can be detected by the induced oxidation of green nickelous ^ 
black nickelic hydroxide (see p. 162), a test for sulfonic acid groups can 
based on the alkaline fusion coupled with the ensuing sulfite reaction. 
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Sulfinic acids ag well as sulfones also produce sulfite when fused with 
alkalies. Consequently, the test will reveal the presence of — SOjH, 
— SO2H, and — SO2 groups, provided divalent sulfur compounds are not 
also present. The latter easily produce alkali sulfide in this fusion and 
there is considerable oxidation of sulfide to sulfite. Furthermore when the 
melt is acidified, hydrogen sulfide is liberated; this acts on the nickel hy- 
droxide and forms black nickel sulfide. A preliminary test will quickly 
reveal any formation of alkali sulfide in the fusion. The melt need merely 
be taken up in water and tested with sodium nitroprusside solution. A 
violet color indicates the presence of sulfide and therefore of bivalent 
sulfur in the sample. <Under such circumstances, the procedure given here 
cannot be used directly, but should be modified as follows: A water sus- 
pension of the sample is warmed with solid mercuric oxide and then filtered 
or centrifuged. Mercury mercaptides and thioketones remain undissolved. 
The filtrate or centrifugate contains mercury sulfonate which can be sub- 
jected, after evaporation, to the alkaline fusion. 

Procedure: An ignition tube with a 2 to 3 ml. bulb is used. A small 
quantity of the solid material, or of the residue left after evaporating a 
drop of solution in the ignition tube, is heated with a granule of sodium 
hydroxide over a small flame until the contents of the tube just melt. After 
cooling, the melt is dissolved in 2 drops of water and treated with 1 or 2 
drops of concentrated hydrochloric acid (test with litmus paper) and the 
walls of the tube are rinsed with water. After the edge of the tube is 
\viped carefully, a piece of filter paper smeared with nickel hydroxide paste 
is placed across the tube. The lower end of the tube is held for several 
minutes in hot water to hasten the evolution of the sulfur dioxide. If the 
green nickel hydroxide turns black or gray, sulfite is present. When very 
small quantities of sulfite are involved, it is better to spot the nickel hy- 
droxide, after it has reacted with the sulfur dioxide, with an acetic acid 
solution of benzidine. A blue will appear if traces of nickelic hydroxide 
are present. The nickel hydroxide paste is prepared by treating nickel 
chloride with sodium hydroxide and then washing the Ni(OH)2 free from 
alkali. 

Sensitivity: The following give positive results: 3 7 a-sodium naphtha- 
lene disulfonate; 6 7 potassium methyl mercaptide; 6 7 benzenesulfinic 
acid; 6 7 sulfonal. 

9. Detection of Amines (— NHj and =NH Groups) 

Chemical Basis: The follomng tests for primary and secondary aliphatic 
and aromatic amines are based on the ability of such materials to condense 
with fluorescein chloride to form dyes of the rhodamine series (II). The 
condensation is easily accomplished by melting the hydrochlorides of the 
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base with fluorescein chloride (or its oxonium chloride (I)) and anhytirous 
zinc chloride. The colors, in natural and ultraviolet light, thus obtained 
differ characteristically according to the type of the amine involved. Con' 
sequently, not only — NH2 and =XH groups can be detected and differ- 
entiated, but it can also be determined whether these groups were linkcil to 
aliphatic or aromatic radicals. 

Pyrrole derivatives condense through the cyclic =NII group of the 
pyrrole ring 

HC CH 

II II 

HC CH 

\/ 

NH 

to form rhodamine dyes. These can bo characteristically distinguishetl 
from other rhodamines by their special fluorescence. 

The formation of rhodamine dyes can be represented by the general 
scheme ; 


R 

-b 2nN<^ 2IIC1 + 
R' 


(D 
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(a) Detection of Primary Aliphatic Amines 

If primary aliphatic amines or their salts are fused with fluorescein 
chloride, pink dyes with yellow-green fluroescence are formed. They have 
the general structure : 



These dialky lated rhodamines exhibit an intense yellow-green fluorescence 
both in daylight and in ultraviolet light. The rhodamines produced from 
acid amides (see p. 186) and from ammonium salts fluoresce similarly. 

Procedure: A drop of the test solution acidified with hydrochloric acid 
is evaporated to dryness in a test tube. The residue is mixed with a little 
fluorescein chloride (tip of spatula) and twice this quantity of zinc chloride. 
The test tube is heated in an air bath (large iron crucible or aluminum 
block) at 250° to 260°C. until the zinc chloride is completely fused. After 
cooling, the melt is dissolved in 10 per cent alcoholic hydrochloric acid. 
The solution shows a green-yellow fluorescence if primary aliphatic amines 
were present . If only small quantities of amine are involved , it is necessary 
to view the fluorescence under a quartz lamp. 

Sensitivity: The procedure gives positive results with: 10 7 methylamine; 
10 7 benzylamine; 20 7 glycocoll ester; 20 7 hydrazine sulfate. 

(b) Detection of Secondary Aliphatic Amines 
The fusion of secondary aliphatic amines with fluorescein chloride pro- 
duces tetra-alkylated rhodamines: 




DBTECrnON OF CHARACTERISTIC GROUPS OF ATOMS 


185 


which are red in acid solution. The solutions have an orange-red fluores- 
cence. The fluorescence colors therefore make it possible to distinguish 
between primary and secondary amines, since only the former give reaction 
products fluorescing green-yellow. 

Procedure: The method is that employed for primary aUi)liatic amim^s. 

Sensitivity: The follo^^^ng give positive results: 4 y diethylamine; 4 y 
piperidine; 20 y aceturic (acetyl glycine) ester. 

(c) Detection of Aromatic Amines 

Primary, secondary, and tertiary aromatic amines, containing a methyl 
group, produce the following types of dyes wh^n fused with fluorescein 
chloride : 



C 



The alcohol solutions of these dyes, acidified with hydrochloric acid, 
are intensely red-violet but, in contrast to the solutions of the rhodammes 
formed from aliphatic amines, they exhibit no fluorescence. Con^quently , 
the presence or absence of a fluorescence make.s it po.ssible to dtsirnguish 
between aliphatic and aromatic amines. The benzal derivatives react 
like their parent amines. 
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Procedure: The method is that employed for primary aliphatic amines. 

Sensitivity: The following give positive results: 5 y aniline; 2 y naphthyl- 
amine; 4 y benzidine; 8 y diphenylamine. 

10. Detection of Acid Amides and ffitriles 

Acid amides when fused with fluorescein chloride behave like the pri- 
mary aliphatic amines. The same is true of nitriles, since they are saponi- 
fied to acid amides. The resulting yellow fluorescing rhodainine dyes have 
not been isolated as yet. In all likelihood compounds analogous to those 
formed from primary amines are produced. 

Procedure: The test is carried out by the procedure given for the pri- 
mary aliphatic amines but care must be taken that the test solution is 
neutral when it is evaporated, as the amides may be saponified in acid 
solution. Dyes with a yellow fluorescence are formed. 

Sensitivity : The method gives positive results with: 20 y acetamide; 
20 y benzamidc; 40 y phthalimide. 

11, Detection of Pyrrole Derivatives 

Pyrrole derivatives, when fused with fluroesccin chloride, form yellow- 
brown dyes which fluoresce blue in ultraviolet light. They can thus be 
distinguished from all other amines. 

Procedure: The method is the same as that used for other amines. The 
tesi solution may be neutral or alkaline during the evaporation. 

Sen^ivity: The following give positive results: 40 y pyrrole; 12 y 
indole; 30 y carbazole. 

12. Detection of Carboxylic Acids and Their Derivatives 

Carboxylic acids, esters, and anhydrides can be converted readily into 
hydroxamic acids of the general formula R*CO'NHOH. The procedure 
is different and characteristic for each class of these compounds. 

All hydroxamic acids, in acid solutions, produce a red or violet color with 
ferric chloride. This color reaction is due to the acid — CO-NHOH 
group, which is present in all hydroxamic acids. With ferric ion, inner 
complex salts are formed, having the structural formula: 

H 

N— 0 

/ 

R— C 

\ 

0 -Fe/s 

This formation of ferric hydroxamate is used as a test for carboxylic acids 
and their derivatives. 
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Ca) Detection of CarboxyUc Acids (—COOK Group) 

Chemical Bam: Conversion i7ilo ferric hydroxamcte. Carl) 0 \ 7 lic ackls 
cannot be converted directly into hydroxamic acids. It is necessary to pro- 
duce the acid chloride which gives the hydroxainic acid wlien U'stcd wth 
hydroxylamine and alkali. The underlying reactions are: 

R-CO-OH -1- SOCl, -» R-COCl + SO, + HCl. 

R-COCl + NHjOH + NaOH R-CO(NHOn) + NaCl + 11,0. 

3 R'CO(NHOH) -i- FeCl, 3 HCl -|- Fc[R.CO(NHO)l,. 

Procedure: A drop of the acid test solution, evaporated to diyness in a 
micro-crucible, or a minute portion of the solid is used. Two drops of 
thionyl chloride are added and the mixture evaporated almost to dryness 
to conyert the carboxylic acid into its chloride. Two drops of a saturated . 
alcoholic solution of hydroxylamine hydrochloride are added and then a 
sufficient number of drops of strong alcoholic caustic alkali to make the 
liquid alkaline to litmus paper. The reaction takes place on warming. 
The mixture is then acidified with a few drops of 10 jxt cent alcoholic 
hydrochloric acid and treated with 0.5 per cent ferric chloride solution. 
The acidity of the solution should be confirmed with litmus. The reaction 
mixture becomes brown-red or dark violet if a carboxylic acid wa.s present 
in the sample. 

Sensitivity: Positive results are obtained with; 12 y monochloroacetic 
acid; 15 y aminoacetic acid; 11 y oleic acid; 12 y antliranilic acid. 

(b) Detection of the Esters of Carboxylic Acids (— COOR Group) 

Chemical Basts: Conversion into ferric kydroxamaie. I'ist^Ts of carboxylic 
acids react -with hydroxylamine in the presence of alkali, and form hydrox- 
amic acids: 


R.CO-OR -f NH,OH = R‘CO(NHOH) -1- ROH. 

Lactones, which can in fact be vieived as inner e.sters, behave like esters . 
The hydroxamic acids produce colored inner complex ferric salts (seep. 186). 

Procedure: A drop of the ether solution of the ester is treated in a por- 
celain micro-crucible with one drop each of a saturated alcohol solution of 
hydroxylamine hydrochloride and of saturated alcoholic caustic potash. 
The irdxtuie is heated over a micro-burner twiil a slight bulxbling indicates 
that the reaction has started. The contents of the crucible are then acidi- 
fied with 0,5 N hydrochloric acid and a drop of 1 per cent ferric chloride 
solution is added. A violet color appears, its intensity depending on the 
quantity of ester pr^nt. 

SensUivity: The following 'give positive results; 11 y ethyl formate; 
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10 7 ethyl urethane; 2.5 r phenyl acetate; 2.5 y methyl salicylate; 6 y 
coumarine. 


,0 


(c) Detection of Carboxylic Acid Anhydrides 



0 Group 
0 


Chemical Basis: Conversion into ferric hydroxamaie. Carboxylic acid 
anhydrides react with hydroxy lamine to form hydroxamic acids; 


0 

/ ' 

R— C 

\ 

0 + NHjOH = R-CO(NHOH) + R-CO-OH, 

/ 

R— C 

% 

0 


which give soluble colored inner complex ferric salts (see p. 186). 

Procedure: A drop of the ether solution of the sample is placed in a 
porcelain micro-crucible. One or two drops of the reagent solution are 
added and the mixture evaporated to dryness over a micro-burner. A 
few drops of water are added and a violet or pink develops, depending on 
the amount of anhydride that was present. The reagent consists of 0.5 
per cent alcoholic solution of ferric chloride acidified with a few drops of 
concentrated hydrochloric acid and then saturated by heating with hy- 
droxylamine hydrochloride. 

Sensitivity: The method gives positive results with: 5 y acetic anhydride; 
5 y succinic anhydride; 6 y benzoic anhydride; 10 y camphoric anhydride. 


(d) Detection of 1,2-DicarbozyHc Acids 


\ 

/ 

\ 

./ 


C— COOH 
C— COOH 


Group 


Chemical Basis: Conversion into dyes of the fluorescein series by fusion 
with resordnot Dicarboxylic acids with the carboxyl groups in the 1 , 2 
or 1 ,4 positions (one — COOH group may be substituted by a — SO 3 H 
group) or their derivatives, such as esters, anhydrides or imides, form dyes 
of the fluorescein type on melting with resorcinol. These give a vivid 
greenish yellow fluorescence in alkaline solution. The reaction proceeds: 
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C 



0 O OH 


The 1 ,2-dicar bo xylic acids with a free — OH group adjacent to the 
carboxyl group: 


=c— coon 

1 

— c— coon 

I 

OH 


react in a different manner and give off (X) by the action of concentrate<i 
sulfuric acid on the resorcinol melt, to form semiiildohydc^s of malonic acid 
or its homologucs (Equation 1). These condense witli resorcinol to urn- 
belliferone or its homologues (Equation 2): 


CO-OH 

I 

H,C 

I 

HC(OII) 

I 

CO-OH 


H2SO4 


COOII 

I 

H,0 -I- CO -f H,C 

I 

HC=0 


coon 

I 

HC 

IIC(OII) 



( 1 ) 


( 2 ) 
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The umbelliferones formed are almost colorless, but give an appreciable 
fluorescence in daylight. Under the mercury vapor lamp the fluorescence 
is a brilliant blue. 

Procedure: A few milligrams of the test substance are placed in a micro- 
crucible, or a drop of test solution is evaporated to dryness, mixed with a 
little freshly sublimed resorcinol and a few drops of pure concentrated 
sulfuric acid and heated to 130‘^C. for 5 minutes, either on an asbestos plate, 
or still better, on an aluminum block containing depressions to hold 2 
crucibles and a thermometer. When the reaction is complete the crucible 
and contents is dropped into water in a 50 cc. beaker to dissolve out the 
products. The solution is made alkaline with sodium hydroxide. In the 
presence of substances containing the groups just described, a fluorescence 
occurs, which is especially bright in ultraviolet light. 

A blank test should always be carried out, for, when the temperature 
has exceeded 130°C., a blank can show a fluorescence which is green by 
daylight and greenish blue in ultraviolet light. Apparently, at the higher 
temperature the resorcinol decomposes partially and gives rise to dicar- 
boxylic acids. 

SensHivity: The method gives positive results with: 5 y tricarballylic 
acid; 5 y succinic acid or anhydride; 5 y phthalic acid; 5 y saccharin. 

13. Detection of Reactive — CH 2 and — Iftl 2 Groups 

Chemical Bam: Condensation with 1 ,^’naphtho^inone-4-sulfonaie. 
Deeply colored quinoid condensation products are formed when 1,2- 
naphthoquinone-4-sulfonic acid reacts in alkaline solution with compounds 
containing two removable hydrogen atoms attached to a carbon or a nitro- 
gen atom. The orthoquinoidal reagent is transformed by these reactions 
into a paraquinoidal condensation product. The reaction occurs as shown 
in the following equation in which aniline is taken as an example. 


0 
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The test may only be applied to confirra orientation as the reactivity of 
the — CHj and — NHj groups is influenced by the other atomic groiips in 
the molecule of the compound in question. For example, aniline deriva- 
tives with strongly negative groups, such as trinitraniline and tribrom- 
aniline, will no longer condense in tliis way. Negative groups in the 
ortho- and para- positions cause much more interference witii the reaction 
than negative groups in the meta- position. 

Procedure: A small quantity of the solid ora drop of its solution is treatetl 
in a microcrucible with 2 drops of sodium naphthoquinone sulfonate solu- 
tion and then made alkaline with 2 drops of 0.5 N sotlium hydroxide. 
When the mixture is acidified with 2 N acetic acid tl^ color changes; some- 
times a precipitate forms. It is best to use freshly prepared reagent. It 
consists of a saturated solution of sodium 1 ,2-naphthoquinone-4 -sulfonate 
in 50 per cent alcohol. 

Sensitivity: Positive results are given by 1,2 7 malonic ester; fi 7 nitranil- 
inc (meta); 0.7 7 methylamine; 0.6 7 piperidine; 0.6 7 semicarbuzide. 

14, Detection of Tertiary Ring Bases 

Chemical Basis: Quatemisation of the nitrogen a^id condensation with sodium 
1 ,2^naphthoguinone-4--sulfonate. As stated on p. 190 organic compounds 
containing two replaceable hydrogen atoms react with naphthoquinone 
sulfonic acid in alkaline solution to form colored qiiinoid compounds. 
The —CHa or — CaHe groups, which do not react with naphthoquinone 
sulfonic acid in the compounds CH3I or C2HSI, may be activated by 
attaching the alkyl iodide to a tertiary nitrogen base or oxoniiim com- 
pound. The quaternary compound that results, reacts at once with 
naphthoquinone sulfonic acid to give colored (red, red-violet, or green) 
compounds. As the color reaction is very definite, the formation of the 
quaternary compound during the reaction w4th napthoquinone sulfonic 
acid can be applied as a test for cyclic tertiary bases and for oxonium com- 
pounds. It is of course essential that — CH2 and —Nib groups should not 
be present, as they react with the naphthoquinone sulfonic acid (see p. 190). 

The underlying reactions of the test can be expressed: 
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Similar equations can be written for other alkylation agents such as 
dimethyl sulfate, ethyl bromide, ethyl iodide and p-bromo- toluene sulfonic 
acid methyl ester. The formation of the quaternary compound proceeds 
best with methyl iodide and dimethyl sulfate. 

Procedure: A small amount of the test substance (either the solid or a 
drop of its solution) is mixed in a tall micro-crucible with 5 or 6 drops of 
methyl iodide or dimethyl sulfate and heated to gentle boiling on an asbes- 
tos plate. Substances hard to convert to the quaternary form should be 
heated for some hours with methyl iodide in a closed capillary placed in a 
water bath at 1(X)°C. Two or three drops of a saturated solution of sodium 
naphthoquinone sulfonate are added to the quaternary compound and the 
mixture made alkaline with 0.5 iV sodium hydroxide. The appearance of 
color or change of color indicates that the test is positive. On acidifying 
with 1 N acetic acid there is a change of color. 

Sensiliviiy: Positive results are given by: 12 7 pyridine; 12 7 a-picoline; 
25 7 quinoline; 25 7 dimethylpyrone. 

C. Detection of Specific Organic Compounds 

A definite identification of certain organic compounds by characteristic 
reactions has only been possible in isolated cases up to now. The principal 
reason is that the majority of organic compounds with typical groups 
have homologs. These are derived from a parent form of a simple struc- 
ture by more less extensive substitution by groups which are inactive from 
the analytical standpoint. For instance, in the aldehyde series, R — CHO, 
the typical group is — CHO and R— may be an aliphatic or an aromatic 
radical. Because of the aldehyde group, all these compounds are more or 
less active reducing agents. They are also characterized by the activity 
of the 0— atom. These characteristics are exhibited most sharply by the 

parent compound formaldehyde, >0=0. This aldehyde occupies a 
W 

special position and can be identified by specific tests. Aliphatic and 
aromatic aldehydes exhibit differences which can be revealed by analytical 
methods, for the aliphatic or aromatic radical affects the chemical behavior 
of the aldehyde group. However, the individual members of the extensive 
classes of aliphatic or aromatic aldehydes no longer exhibit differences 
great enough to be distinguished chemically. In such instances a search 
for specific reactions is useless. The same is true for many other organic 
compounds with typical groups. As a rule, special reactions are only 
available for the parent forms of the simplest possible structure, but not 
for the large number of homologous compounds. Consequently, specific 
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tests are possible only for compounds which have no homologs or whose 
homologs are very sluggish in reaction. If complicated organic compounds 
are susceptible to a rearrangement or a degradation to the most simply 
constructed organic parent compound, a special reaction for the latter may 
then be used as a test for the original con^xjund. In view of these facta, 
the establishment by chemical methods of the presence of typical groupa 
is often all that can be accomplished. Any further identification of 
chemical compounds can be undertaken only after they ha\T Ix'on isolatcil. 
Then melting points or other physical constants can be determined, or a 
quantitative analysis can be made. 

The following sections describe several tests \vhi«h can be roganled as 
characteristic for single compounds. 

1. Detection of Formaldehyde 

Chemical Basis: Reaction with chromolropic acid. When formaldehyde 
(or compounds producing formaldehyde) are heated with chroinotropic 
acid in the presence of concentrated sulfuric acid a \dolet-red color appeiirs. 
The chemistry of this color reaction is not known. 

The following give no reaction: acetaldehyde, propionaldehyde, butyr- 
aldehyde, isobutyraldehyde, isovaleraldehyde, crotonaldehydc; oenan- 
thol, chloralhydratc, glyoxal, and aromatic aldehydes. ( llyccruldehyde, 
furfural, arabinose, fructose, and sucrose give yellow colors. Other sugars, 
acetone, and carboxylic acids do not react. High concentrations of fur- 
fural give a red color. 

Procedure: A drop of the test solution is mixed in a test tube with 2 ml. 
of 72 per cent sulfuric acid (100 ml. water and 150 ml. concentrated sulfuric 
acid). A little solid chromotropic acid is added and the tube is heated in 
a water bath at 60°C. for 10 minutes. If formaldehyde is present a bright 
violet develops. A blank is advisable for comparison if small amounts are 
suspected. 

Identification Limit: 0.14 y formaldehyde. 

Concerdration Limit: 1:360,000. 

2. Detection of Methyl Alcohol 

Chemical Basis: Oxidation to formaldehyde and idenlificaium with chromo- 
tropic add. Methyl alcohol may be oxidized to formaldehyde in dilute 
phosphoric acid solutions by treatment with permanganate. The form- 
aldehyde can then be detected by the selective chromotropic acid reac- 
tion just described. Under the conditions prescribed here, ethyl alcohol 
is oxidized only to acetaldehyde so that the test may be used for the 
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detection of traces of methyl alcohol in the presence of ethyl alcohol. 
For example, 5.3 7 methyl alcohol may be detected in a drop of 40 per cent 
ethyl alcohol, which implies a proportion limit of 1:1150. Glycerol, 
arabinose, fructose, lactose, and sucrose give yellow colors, and furfural 
a brown. 

Procedure: A drop of the test solution is mixed in a test tube with a 
drop of dilute phosphoric acid solution (10 ml. of 50 per cent acid diluted 
to 100 ml.) and a drop of potassium permanganate solution (5 per cent) 
and left for one minute. A little solid sodium bisulfite is added, with 
shaking, until the mixture is decolorized. If any brown precipitate of the 
higher oxides of manganese remains undissolved, a further drop of phos- 
phoric acid should be added and a little more sodium bisulfite. When 
the solution is quite colorless 4 ml. of 72 per cent sulfuric acid and a little 
finely powdered chromotropic acid are added. The mixture is well shaken 
and then heated to 60° C, for 10 minutes. A violet color which deepens 
on cooling indicates the presence of methyl alcohol. 

Identificaiion Limit: 3.5 7 methyl alcohol. 

Concentration Limit: 1 : 13,600. 

3. Detection of Fonnic Acid 

Chemical Basis: Reduction to formaldehyde and identification with chromo- 
tropic acid. Formic acid is readily reduced to formaldehyde by magnesium 
and hydrochloric acid. The formaldehyde may then be identified by the 
chromotropic acid test (p, 193).' Glucose interferes owing to a partial 
breakdown to formic acid; no other sugars or acids interfere. 

Procedure: A drop of the test solution is mixed in a test tube with a drop 
of 2 W hydrochloric acid. Magnesium powder is added until no further 
gas is liberated. Three milliliters of 72 per cent sulfuric acid and a little 
chromotropic acid are introduced and the tube is heated in a water bath 
at 60° C. for ten minutes. If formic acid is present, a violet color develops. 

Identification Limit: 1,4 y formic acid. 

Concentration Limit: 1:20,000. 

4. Betection of Oxalic Acid 

Chemical Basis: Formation of aniline blu£ by fusion with diphenylamine. 
A triphenylmethane dyestuff, diphenylamine blue or aniline blue, is formed 
when oxalic acid and diphenylamine are melted together. This dye is 
also formed when insoluble oxalates are warmed with diphenylamine and 
syrupy phosphoric acid. The following equations represent the synthesis 
of aniline blue from oxalic acid and diphenylamine: 
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Formic, acetic, propionic, tartaric, citric, succinic, dihydroxy-maleic, 
benzoic, phthalic, tricarballylic, glycolic, or glyoxylic acid do not react 
under the conditions of the experiment. The formation of aniline blue 
in the reaction with diphenylamine is very selective for oxalic acid. 

Procedure: A crystal of the sample substance (a solution must be evap- 
orated to dryness) is melted with a little diphenylamine in a micro-test 
tube over a free flame. On cooling, the melt is taken up in a drop of 
alcohol, when a blue color indicates the presence of oxalic acid. Under 
the same conditions a blank test remains colorless. 

When oxalic acid is to be detected in a mixture containing other anions 
precipitated by CaCU (sulfate, sulfite, fluoride, tartrate, or pyruvate ions) 
it is advisable to proceed as follows. The acetic acid solution is treated 
with CaClj, the precipitate collected on a filter or in a centrifuge tube and 
freed from water either by drying or by washing with alcohol and ether. 
A small amount of the precipitate is mixed with diphenylamine in a dry 
test tube, 83TTipy phosphoric acid is then added and the tube is heated 
over the free flame. This causes formation of calcium phosphate and 
liberation of oxalic acid, which can condense to aniline blue with the 
diphenylamine, as indicated by the coloration of the phosphoric acid. This 
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is decolorized on cooling, but on taking up the melt in alcohol a brilliant 
blue appears. The excess diphenylamine is precipitated by adding water 
and colored light blue by absorption of the dye, A blank test treated 
in the same way gives a pure white precipitate of diphenylamine. The 
dye can be extracted from the aqueous solution with ether, which increases 
the sensitivity of the reaction. On long standing the ethereal extract 
again separates into two layers. The blue-violet product is formed most 
densely on the ether-water interface. 

Identification Limit: 5 7 oxalic acid. 

Concentration Ldmit: 1 : 10,000. 

5 , Detection of Citric Acid 

Chemical Basis: Conversion into dtrazinic add. The ammonium salt 
of 2,6-dihydroxypyridine-4-carboxylic acid (V) (citrazinic acid) has a 
deep blue fluorescence in aqueous solution. Citric acid can easily be 
converted to citrazinic acid by a new method, starting with a drop of the 
test solution. The presence of citric acid can be detected by the blue 
fluorescence of the ammonium salt of the citrazinic acid. 

The stages in the conversion to citrazinic acid are the following: The 
treatment of citric acid (I) with thionyl chloride forms aconitic acid chloride 
(II); this is converted into the triamide (III) on boiling with ammonia; 
this compound has a tautomeric form (IV) and in this form gives off am- 
monia on heating with 80 per cent sulfuric acid; the ring closes, and the 
acid amide group in the middle is saponified. The compound thus formed 
is citrazinic acid (V). On the addition of ammonia the fluorescent am- 
monium salt (VI) is formed : 
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The test is specific for citric and aconitic acidj malic acid and tartaric 
acid do not react. 

Procedure: A drop of the test solution is evaporated to dryness in a micro- 
crucible and the residue treated mth 4 drops of tliionyl chloride and 
fumed. About 8 drops of concentrated aqueous ammonia are then added 
and the mixture boiled over a microburner until about 2 drops of liquid 
remain in the crucible. On cooling, G drops of eoncentmted sulfuric acid 
are added and heating is continued to dense fumes. The contents of the 
crucible are poured into a test tube and rendered ammoniacal. An intense 
blue fluorescence appears in ultraviolet light if the sample contained 
citric acid. 

Identification Limit: 1 y citric acid. 

Concentration Limit: 1 : 50,000. 

6. Detection of Glycerol 

Chemical Basis: Conversion into acrolein. Glycerol when heated with 
a dehydrating agent, such as potassium bisulfate, is converted into the 
unsaturated aldehyde acrolein 

CH2(OH) CH(OH)-CIIj(OH) CH,:Cn CHO + 2 11,0. 

On the addition of an aqueous solution of sodium nitroprusside contain- 
ing a little piperidine, acrolein gives a blue color that turns violct-red with 
alkalies. The chemistry is not known; up to the present it has not been 
possible to isolate a compound of definite formula from the components 
necessary for the color reaction, although the acrolein may be substituted 
by other aldehydes, and the piperidine by sccontlary aliphatic amines. 

The acrolein formed by removal of water from glycerol may alterna- 
tively be detected by the reaction with dianisidine, in which Schiff's base 
is formed with loss of water. 

Glycerides (animal and plant fats) also form acrolein on heating with 
potassium bisulfate. The test may therefore be applied to the e^mma- 
tion of technical or natural products for traces of fat or glycerol w ere t e 
presence of these is undesirable. 

Procedure: A small amount of the test substance or a drop of the test 
solution is placed in the hard glass tube described on p- 52 (^^8- ) 

mixed with finely powdered potassium bisulfatc. A piece o ter paper 
moistened with the reagent is placed over the open end o t e u an 
covered with the glass cap. The acrolein formed after long heating colore 
the test paper a deep gentian blue. Ou treating t e paper wu 
sodium hydroxide the blue portion changes to the color of peach blossom. 
The reagent is a freshly prepared 1 per cent solution of so um mtropruss- 
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ide containing a drop of piperidine, or a saturated solution of o-dianisidine 
in glacial acetic acid. 

IderUiJication Limit: 5 y glycerol. 

Concentration Limit: \ : 10,000. 

7. Detection of >-Phenylenediamine 

Chemical Basis: Oxidation to an indamine dye. When p-phenylenedi- 
amine is mixed with an oxidizing agent in the presence of aniline, in slightly 
acid solution, a blue-green indamine dye is formed immediately: 


NH, N 



NH, Nil, NH NH, 


Derivatives of p-phenylenediamine behave similarly. The reaction may 
be applied to detect the presence of p-phenylencdiamine (poison!) in furs, 
hair dyes, etc. 

Procedure: A drop of the acetic acid test solution is mixed with a drop 
of aniline water (1 drop of aniline in 50 ml. water). A few crystals of 
potassium persulfate are added. A blue-green appears at once; it is dark 
or pale, depending on the quantity of phenylenediamine present. 

Jdeniification Limit: 0.5 7 p-phenylenediamine. 

Concentration Limit: 1:100,000. 



Chapter VI 


APPLICATION OF SPOT REACTIONS TO STUDIES OF 
ROCKS AND MINERALS 


The identification of minerals and rocks by the classical mctliwls of 
mineralogy and petrography always requires the determination of the 
chemical and physical properties of the specimen. The data thus obtained 
constitute the bases of the identification procedures. Chemical analysis 
often plays a dominant role in this type of investigation since measure- 
ments of physical properties alone frequently do nftt suffice for satisfactory 
mineral and rock determinations. Spot analysis sometimes presents the 
possibility of considerably simplifying such determinations, especially 
by shortening the chemical tests. Sensitive spot reactions arc available 
which can be used to establish the presence or absence of characteristic 
metallic or non-metallic constituents quickly and definitely, hurther- 
more, reactions which can be carried out as spot reactions sometimes clear 
up questions as to how characteristic com])onents are combined. Such 
knowledge likewise facilitates the identification and classification of 
minerals and rocks. The application of spot analysis to this .special field 
is recent. The results obtained thus far have shown that it is possilfie to 
identify and determine minerals and rocks quickly, simply, and also 
definitely with quite small quantities of the specimen. The tedious opera- 
tions, even including quantitative analyses, otherwise necessary can some- 
times be obviated. Occasionally, mineralogical and petrographic chemical 
tests by spot reactions can be made directly on the specimen without 
removing a test portion. ‘"iTftSreaction can be carried out, for example, on 
a chosen part of the su rface, on a crystal face, or on a section. As a ru c, 
tests are made ^CTsmSQS^^ samples which can 

scratched off with a needle without perceptibly harming t e samp e. 
colored and stable reaction products are obtained from the tests, permanent 
mounts can be made. They may give information as to the distribution 
of certain materials, or they may be used for comparison purposes. is 
often possible to apply spot reactions successfully m the field, that is, 
masses of rock, ore, etc., may be tested in situ. 


1. Differentiation between Magnesite and Dolomite (Breiinnerite) 
Determination of the Presence of Dolomite in Limestone 

Magnesite is pure magnesium carbonate, while 
carbonate of magnesium and calcium of the * * 

Both are members of the calcitc group of rhombohe^al carbona^, 
other physical properties of these two materials are a very muc 
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Consequently, a clear differentiation between them was formerly possible 
only by establishing the content of calcium, preferably by a quantitative 
analysis. Breunnerite, a mineral quite similar to dolomite, is also a double 
carbonate of magnesium; it has the formula MgCOs-FeCOj. In this 
case also, a differentiation from magnesite was only possible by establishing 
the presence of considerable quantities of iron. 

A rapid method of distinguishing between magnesite and dolomite is 
not only an asset to the mineralogist, but it also has technical value as 
magnesite is the most important raw material for the preparation of 
metallic magnesium. Consequently, when magnesite deposits are worked, 
it is often important V> differentiate between magnesite and the less 
valuable dolomite deposits. It is frequently useful to determine whether 
a limestone is composed mainly of calcite or of dolomite, and it is possible 
to do this in the field. The procedure given here can also be used to 
determine the presence of magnesium carbonate or dolomite in limestone; 
it requires very small quantities of the sample. 

Chemical Bam: The different behavior of magnesite and dolomite toward 
diphenylcarbazide. Magnesium hydroxide, oxide, and carbonate form 
violet compounds of unknown composition with diphenylcarbazide. 
Probably these are adsorption compounds similar to those described on 
page 104 in the discussion of the test for magnesium. Magnesite and 
ignited magnesite (magnesium oxide) therefore react immediately when 
tested with a warm solution of diphenylcarbazide. A pulverized specimen 
or even larger particles of the solid turn red-violet at once and the color 
is retained even after thorough washing. In contrast, double carbonates 
such as dolomite and breunnerite, remain unaltered, so that it is possible 
to distinguish quickly between dolomite (also breunnerite) and magnesite. 
The double carbonates of magnesium, namely dolomite and breunnerite, 
do not react, probably because they are to be regarded as salts of a hy- 
pothetical magnesium-carbonato acid; their formulas are' Ca[Mg(C03)2l 
and Fe[Mg(C03)2] respectively. The magnesium is masked in these 
double carbonates, that is, it is no longer present as magnesium carbonate, 
which can react with diphenylcarbazide, but is a constituent of an un- 
reactive complex anionic group Mg(C03)2'“. 

Procedure: The reagent is a freshly prepared solution of diphenyl- 
carbazide in alcohol. Several drops of dilute alkali should be added to it 
just before making the test. One or two drops of the hot reagent are 
placed in a depression of a spot plate and a particle, the size of a pin head, 
of the rock is added. After 5 minutes the colored solution is drawn off 
with a pipette, replaced by hot water, and this type of washing is continued 
until the water is no longer tinted. If the specimen was magnesite, or 
if it contained magnesite inclusions, a red-violet product remains. If the 
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sample was dolomite, or if the magnesium was in dolomitic combination 
(breunnerite) no tinting occurs. The identification of the magnesium 
can be made as follows: A grain (pin-head size) of the Siimple is heated 
strongly on a platinum crucible lid. The characterLstic dolomitic linkage 
is thus destroyed and reactive magnesium oxide, together with calcium 
oxide, is formed. The magnesium oxide can then be identified by the 
method described previously. 

The procedure can also be used for the direct detection of slight quant it ics 
of magnesium (down to 0.01 per cent) in limestones, providctl the magnea* 
ium is not combined dolomitic ally. In dolomitic limestones, or those con- 
taining dolomite, the magnesium can be detected Vy the di phony Icarbazido 
reaction after the specimen has been ignited. 

The identijication limit of the magnesium-diphcnylcarlmzidc reaction is 
0.5 7 magnesium in drops. 

Suggested test materials: Magnesite, dolomite, breunnerite, dolomitic 
limestone, tooth powder. 


2. Differentiation of Calcite and Aragonite 

Calcite and aragonite are two modifications of calcium carl)onatc. 
Chemically they arc completely identical and can l)e distinguished directly 
only through their crystalline forms (hexagonal and rhombic, respectively). 
Calcite is the stable modification at all temperatures, aragonite the un- 
stable form. This difference is evidenced in the solubilities of the two 
varieties. The determination of the nature of a given sample of calcium 
carbonate is often important. For instance, the deposits (tufa) laid down 
by hot springs are usually aragonite, and the pro<lucts, such as miiJ^l 
shells, secreted by organisms have likewise been found b) be aragonite. 

Chemical Basis: Differentiation through differeru^es in basicity. The two 
modifications of calcium carbonate differ slightly with respect to solubility 
in water and rate of solution. Aragonite is more soluble than calcibi. 
A suspension of calcium carbonate presentsthcfollowing sencsof cquihbna: 

CaCOi (solid) CaCO, (dissolved) -f- COT'. 


The carbonate ion hydrolyzes: 

CO-- + 2 H,0 H,CO. -h 2 OH- 
or 

I Since aragonite is more soluble than calcite, solid aragonite, when sus- 
pended in or placed in contact mth water, delivers OH ions qmckCT 
and in greater numbers than calcite. A ncutra so u ion o ^ ^ ^ 
plus Ag+ salts is an excellent reagent for OH- ions since a black precipi- 
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tate is formed immediately, even at low concentrations of hydroxyl ions, 
because of the reaction: 

2 Ag+ + Mn++ -f 4 OH“ = 2 Ag + MnOi -I- 2 HjO. 

Accordingly, if a solid or pulverized specimen of aragonite or calcite is 
brought into contact with the reagent solution, a gray to black deposit 
forms on the surface of aragonite almost immediately or, in any case, 
within about 2 minutes. Calcite, in contrast, remains unchanged at first 
and becomes colored only very slowly, in accordance with its lower solubil- 
ity and lesser production of OH“ ions. 

Procedure: The reagent is prepared by adding 1 g. of solid silver sulfate 
to a solution of 11.8 g. MnSOi^THaO in 100 ml. of water. The solution 
is heated to boiling, allowed to cool, and the undissolved material filtered 
off. One or two drops of dilute sodium hydroxide are added, and after 
1 to 2 IjDurs the precipitate is filtered off. The solution is stable if it is 
stored in brown bottles. A tiny grain of the powdered mineral is spotted 
with'% drop of the reagent solution on a spot plate or on a watch glass 
placed on white paper. If the specimen turns dark within 2 minutes, 
aragonite is present. 

This differentiating reaction can also be earned out on thin sections. 
For instance, even the thinnest stratifications of aragonite and calcite 
are revealed in sections of stalactites by the blackening of the aragonite 
aggregates. A microscopic picture of this kind is just as sharp as those 
obtained by dyeing threads in textiles. 

Suggested test materials: Precipitated chalk, aragonite, calcite, cal- 
careous sandstone, mussel shells, tooth powder. 

3. Differentiation of Gypsum and Anhydrite 

Calcium sulfate occurs naturally as gypsum, CaS 04 ' 2 H 20 (monoclinic) 
and as anhydrite, CaS04 (orthorhombic). Both serve as raw materials 
for the production of calcium compounds. Gypsum, in addition, is used 
in the manufacture of plaster casts, statuary, etc. 

It is possible to' distinguish these tw^o forms of calcium sulfate through 
the fact that gypsum loses water when heated. They also differ in density 
and hardness. The differentiation by dehydration is definite only if the 
specimens are pure and contain no extraneous moisture. The test fails 
of course with moist products, or else a preliminary drying is necessary. 

Chemical Basis: Difference in reaction rate on treatment with a solution 
of sodium carbonate. All compounds occurring with and without water of 
crystallization follow the rule that the hydrated form is more soluble 
and dissolves more quickly than the anhydrous form. Gypsum, the 
hydrated form, accordingly is more soluble than anhydrite; at 100® C., 
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0-167 per cent gypsum dissolves, in contrast to 0.067 per cent anhydrite. 
There are marked differences in the solubilities at room temperature also, 
and consequently g>q)sum and anhydrite react at different rates wth 
various water solutions of reagents, the reaction with the hydrated form 
always being the faster. An excellent reagent that reveals the differences 
in the reaction rates and therefore distinguishes gypsum from anhydrite 
is a solution of sodium carbonate, colored red with phenol phthalein. 
The solution reacts: 

CsiSOi NajCOi =* CeCOj i" NaiSOi, 


with both gypsum and anhydrite. The consumption of the alkaline sodium 
carbonate leads to the discharge of the red indicatoT color. Since gypsum 
is the more soluble form of calcium sulfate and reacts faster, under like 
conditions it discharges the color of the red sodium carbonate solution 
more rapidly than anhydrite. This fact may be used to distinguish the 
tw'O forms of calcium sulfate. 

Procedure: The reagent is a 4 per cent solution of sodium carbonate. 
Three drops of 2 per cent solution of phenol phthalein in alcohol arc added. 
Very fine particles of the finely pulverized specimens are placed in two 
adjacent depressions of a spot plate and moistened with 2 or 3 drops 
of the red soda solution. On stirring with a platinum wire, the color 
lightens distinctly after 1 to 2 minutes with gypsum and is completely 
discharged after 4 to 5 minutes. The corresponding tim(;s with pulverized 
anhydrite are 15 minutes and 40 minutes. 

The difference in the times required for discharge of the color can also 
be seen if one or two drops of the soda solution are placed on larger frag- 
ments. However, this method of distinguishing the two varieties is much 
less distinct than the test made with the pulverized specimens. 

Suggested test materials: Gypsum, fibrous gypsum, anhydrite. 


4. Detection of Chromium in Rocks, Steels, and Other Technical 
Materials 

Most of the chromium in the earth’s crust w^as ^gregated during the 
primary crystallization of the magma as chrome iron ore, FeO-CrsOs. 
Small quantities also occur in highly basic rocks, particular y in o i vines, 
magnesium silicates, such as serpentine, etc. A slight chromium con n 
is characteristic of many rocks. The detection of chromium is imiwtant 
when testing materials such as alloys, chrome steels, c romc p a mgs, 
refractories, pigments; also in the detection of chrome tann ^ 
the identification of chromium mordants on textiles, an o gc ms, 

glues, etc., hardened with bichromate. . -,1 j- l i 

Chemical Basis: Conversion into chrormie and ideniijicaiion mlh diphenyl- 
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carbazide. No reaction of trivalent chromium is nearly so sensitive and 
selective as that of sexavalent chromium (chromate) into which metallic 
chromium, as well as all trivalent chromium compounds, can be easily 
converted. The chromate can be formed by either wet or dry methods. 
Ordinarily the latter are used. The solid specimen (or evaporation residue) 
is fused with an alkaline oxidizing agent: 

Cr,0, + 3 NajOj - 2 NatCrO* + Na,0. 

The chromium is detected by adding diphenylcarbazide in the presence 

^ Taa 

position of this colored compound is not known. 

The identificaiion of the chromate-diphenyl carbazide reaction is 
0.02 7 chromium in drops. 


Examination of Rocks 

A particle, the size of a pin head, of the specimen is ground to a fine 
powder in a small agate mortar. It is then mixed with 4 times its bulk 
of a mixture of equal parts of sodium-potassium carbonate and sodium 
peroxide (or sodium-potassium carbonate and potassium chlorate). If 
a glowing platinum wire is plunged once or twice into this oxidizing mixture, 
enough will be taken up to form a clear bead when melted. Any chrom- 
ium will be converted to chromate. The cooled melt is placed in a de- 
pression of a spot plate, dissolved in 1 or 2 drops of sulfuric acid (1:1) 
and a drop of freshly prepared 1 per cent alcoholic solution of diphenyl- 
carbazide introduced. If the specimen contained chromium, a pink to 
violet color appears, depending on the quantity of chromium. A blank 
test is necessary only if very small quantities of chromium are involved, 
or if an old reagent solution is used, since this often is yellow to pink. 

Examination of Steel 

The surface of the specimen is cleaned with emery paper. Two or three 
drops of a mixture of equal parts of nitric acid, sulfuric acid (1:1), and 
water are placed on this prepared surface. After about three minutes, 
a drop is taken off by means of a fine pipette, placed in a porcelain crucible, 
evaporated, and the residue gently ignited. A little sodium peroxide 
(tip of spatula) is introduced and the mixture fused until no more bubbles 
form. The solidified cooled melt is acidified with sulfuric acid (1:1) and 
tested for chromate with diphenylcarbazide solution. 

Examination of Leather 

A small quantity (less than 1 mg.) of the leather to be examined for 
chrome tanning is removed with a razor blade. In the case of shoes and 
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other filched articles, the sample should be taken from the inner side 
because leather dyes and dressings sometimes contain chromium, which 
obvioi^ly would lead to false conclusions. The particles of leather are 
ashed in a porcelain microcrucible. A little sodium peroxide is added 
to the cold residue and the mixture is heated to quiet fusion. The further 
treatment is as in steel. 

Suggested test maierials: Chromite, chrome mica (about 15 per cent 
CrzOa), chrome steel, chromium plated iron, chrome tanned leather. 


5- Detection, oi Titanium, in Minetals, Technical Products, etc. 

Titanium, as accompanying element, is juacti^ally always present in 
many siliceous rocks such as clay, kaolin, bauxite, etc. It is the cs.scntial 
constituent of ilmenite, FcO-TiOs, the most important raw material (in 
addition to rutile, Ti 02 , and arizonite, FcsOj-STiOa) for llte i)ix)(l\iction 
of ferro-titanium and the pigment, titanium white, TiOo. ( Hass frequently 
contains small amounts of titanium, and the identification of certain kinds 
of glass is made easier by testing for titanium. The pigments are us(Hi 
in face powders and creams, paper, soap, linoleum, artificial silk (to remove 
luster), rubber, and in drawing and printers’ inks, (lonsctiuenlly, the 
detection of titanium is an important part of the technical examination 
of many materials. 

Chemical Basis: Color reaction mth chromoiropic acid. The sodium 
salt of chromotropic acid, l,8-dihydroxy-naphthalenc-3,r)-disulfomc acid, 



in strong sulfuric acid solution, gives a violet color mth titanium salts, 
titanium hydroxide, and titanic acid. The compo-sition of the reaction 
product is not known; it is probably an inner complex salt, whose forma- 
tion involves the — OH groups of the reagent. 

The identification limit of the titanium-chromotropic acid reaction 

0.7 y Ti in drops. , , . i • 

Procedure: A little (tip of knife blade) of the finely 
is placed in a microcrucible and heated with severa c rops o co 
sulfuric acid until dense fumes are evolved. ter . n » 

solid chromotropic acid is added and the mix ure , .. 

violet color appLrs if titanium is present; the intensity depend.s on the 

Ti amount, of tiUninm are to be detected in silicates, such as 
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glass, it is better to fume several milligrams of the finely powdered specimen 
in a platinum spoon with 2 or 3 drops of hydrofluoric acid. The greater 
portion of the silica is thus removed as SiFi; the metals originally present 
as silicates are converted to fluorides. The latter are now converted to 
sulfates by warming with 2 or 3 drops of concentrated sulfuric acid. The 
contents of the spoon are then washed into a test tube containing a little 
concentrated sulfuric acid. Several grains of chromotropic acid are added 
and the mixture warmed again. 

Suggested test materials: Titaniferous minerals (ilmenite, rutile) ; silicates 
with very slight titanium content (clay). Pigments: titanium white and, 
for comparison, lithopone (titanium-free). 

6 . Detection of Zinc in Minerals 

Zinc occurs in minerals as oxide, silicate, or sulfide. Oxide minerals 
include zincite (ZnO); franklinite (Zn, Mn, Fe)0-(FeMn)203; smithsonite 
(ZnCOj); hydrozincite (ZnlOIIja-ZnCOa). The most common zinc sili- 
cate is calamine (2 ZnO -SIO q - 1120); willemite (2 Zn0-Si02) is also fairly 
common. The most important zinc ore is the sulfide (zinc blende, wurt- 
zite). Zinc sulfide is often associated in considerable quantities with 
galena (PbS). 

Chemical Basis: Formation of zinc ferrocyanide from molybdenum fer- 
rocyanide. If an alkali molybdate and an alkali ferrocyanide are brought 
together in acid solution, an amorphous red-brown precipitate is formed. 
This can be regarded as an addition compound of M0O3 and hydrofer- 
rocyanic acid. Zinc salts react with this compound and produce an 
insoluble acid-resistant w^hite zinc ferrocyanide: 

HiIMoOrFe(CN)«] + 2 Zn++ = Zn 2 Fe(CN)e MoOj -|- 4 H+. 

Consequently, if a drop of an acidified solution of a zinc salt is placed on 
filter paper impregnated wdth brown molybdenum ferrocyanide, a white 
fleck is formed. 

Silver, lead, and cadmium salts react like zinc. However, the zinc test 
is not impaired by these ions if a solution of zinc sulfate is used (inactive 
PbSOi is formed), or if considerable quantities of sodium chloride were 
added beforehand to the test solution. Under these conditions, inactive 
silver chloride is formed and the Cd++ ions are converted into the inactive 
complex CdCl 7 ” ions (masking). The test for zinc in minerals must be 
made in various ways according to whether the zinc is present as oxide, 
silicate, or sulfide. Accordingly, the findings by the various procedures 
will reveal the manner in which the zinc is combined. 

The identification limit of the zinc test on molybdenumferrocyanide 
paper is 0.5 7 zinc. 

Procedure: The mineral to be tested is finely pulverized. Small quanti- 
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ties of the powder are taken for the following tests. The molybdenum 
ferrocyanide paper is prepared: Filter paper is bathed for several minutes 
in a solution containing 0.3 g. (NHOj^^IoOi and 0.2 g. K 4 Fe(CN)B in 100 
ml. of water. After draining, the paper is dipped in 3 A acetic acid; brown 
molybdenum ferrocyanide precipitates in the paper. After thorough 
washing with w’ater, the paper is dried in a current of warm air. The 
paper is stable. 

Oxide. The pow'der is stirred with several drops of dilute sulfuric acid 
in a porcelain crucible and then w^armed until dense fumes of sulfur trioxide 
are evolved. After cooling, several drops of w^ater arc added. Drops of 
the suspension are removed with a glass capillary and placed on the 
reagent paper. If zinc is present, a white fleck is formed on the brown 
paper. 

Sulfide. The pow'der is ignited continviously in a porcelain crucible until 
the odor of sulfur dioxide has disappeared. The residue is cooled and 
treated as in the preceding paragraph. 

Silicate. The powder is placed in a platinum cnicible and fumed off 
twice with several drops of sulfuric acid plus hydrofluoric acid. The 
silicates are thus converted to sulfates. The mass is cooled and treated 
as in the oxide. 

Suggested test materials: Zincite, franklinite, zinc blende, galena, cal- 
amine. 


7. Differentiation of Siliceous Rocks and Minerals 
I. Detection of the Presence or Absence of Potassium 
Next to oxygen, silicon is the most widely distributed element in the 
earth’s crust. The great family of silicate rocks may be divided into two 
main classes: (a) anhydrous and (b) hydrous silicates. The relation of 
silica to the basic oxide or oxides along with the nature of the basic oxide(s), 
the crystal form, density, optical properties, etc. determines the further 
division within these classes. In many cases a definite distinction is 
only possible on the basis of chemical analyses combined with due consider- 
ation of the physical data. Consequently, the identification of silicates 
by the classical methods is one of the most difficult problems of mineralogy 
and petrography. 

The determination of the presence or absence of potassium can give 
valuable clues in the identification of silicates. Many groups and sub- 
groups of the anhydrous and hydrous silicates contain materials that are 
otherwise quite similar to the related silicates, but they differ from these 
by containing considerable quantities of potassium. Examples are: 

(a) Anhydrous silicaies: 

1. Felspars (di- and polysilicates): Potassium and sodium felspars 
are differentiated. 
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2 . Meta silicates: Only the leucites contain potassium (or cesium), 

3. Ortho silicates: Only certain members of the nepheline group 

contain potassium. 

(b) Hydrous silicates: 

1. Zeolites: Only members of certain groups contain potassium. 

2. Micas: Potassium and sodium mica are dilferentiated, 

3. Serpentines and Talcs: Only certain species contain potassium. 

The differentiation of silicates is important not only in the solution of 

mincralogical and petrographic problems, but may be of direct technical 
importance, as certain silicates are the raw materials for the production 
of metals, metal sal^, and other commercial products. For instance, 
hexagonal beryl (3 BeO-AhOa-G SiOa) a triclinic potassium felspar, looks 
so much like amazonite (KgO • AhOs- 0 SiOj) that they can be distinguished 
only by analysis or by a microscopical determination of the crystal form. 
The same is true of talc (H 20*3 MgO-4 Si 02 ) and the very similar sericite 
(2 HaO-KaO-S AhOs-eSiOa). 

This contrasting of beryl-amazonite and talc-sericite shows that these 
silicates, which resemble each other so greatly, differ in that one of the pair 
contains potassium while the other does not. The following test can be 
used to distinguish these materials; it can be generally employed for 
establishing the presence of potassium in silicates containing at least one 
per cent of this element. It can be used in the field. 

Chemical Basis: Decomposition of the silicate and reaction with dipicryl- 
amine. The silicate rock is decomposed by fuming with hydrofluoric and 
concentrated sulfuric acids. The metals are then converted into sulfates 
or oxides by ignition. The potassium in the residue can be identified by 
the formation of red acid-resistant potassium dipicrylaminc (see p. 115). 

The identification limit of the dipicrylamine reaction is 3 7 potassium 
in drops. 

Procedure: A small quantity (several milligrams) of the specimen is 
finely ground. The powder is decomposed in a platinum crucible or spoon 
with several drops of hydrofluoric and concentrated sulfuric acids, then 
carefully evaporated to dryness. Solid ammonium fluoride can be used in 
place of the hydrofluoric acid. When no more acid vapors are evolved, 
the material is ignited briefly and allowed to cool. The residue is detached 
from the walls of the cnicible with a nickel spatula and placed on a strip 
of orange-red dipicrylamine paper (preparation see p. 116). After moisten- 
ing with a drop of water, the paper is dried in a current of heated air and 
then bathed in 0.1 N nitric acid. The paper turns bright yellow, and if 
the specimen contained potassium a red fleck remains. 

Suggested test materials: Potassium felspar, sodium felspar, muscovite, 
amazonite, beryl, talc, sericite, other silicates containing potassium, or 
those having little or no potassium in them. 
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II. Detenninatloa of A^d-Decomposable Silicates and Differentiation of Amor> 
phous and Crystalline Silica 

Silicates differ not only in the kind and content of the basic constituents 
(KsO, Na^O, MgO, etc.), but also in their resistance or non-resistance to 
acids, and in the state of the silica (amorphous or crystalline). Conse- 
quently, information useful in characterizing silicates can sometimes be 
obtained by testing their behavior toward dilute acids, and by determining 
whether the specimen contains crystalline or amorphous silica. These 
points can be simply established by the following procedures, 

Chemical Basis: Behavior of silicates {silica) toward equilibrium solu- 
tions. If a neutral solution of nickel sulfate is tseated with dimethyl- 
glyoxime (DIIj) the filtrate contains, in equilibrium, nickel and liydrogen 
ions as well as dimethylglyoxime: 

+ 2 DH, ^ Ni(DH), + 2 H+. 

This equilibrium is disturbed by all basic materials which consume H+ ions, 
and red nickel dimethylglyoxime precipitates (see p. 225) . Acid-docompos- 
able silicates are included among such materials. Consequently, they can 
be detected by the production of the red nickel salt when they act on this 
equilibrium solution. 

Another type of equilibrium solution is the filtrate obtained when silver 
chromate is treated with a quantity of ammonia water iiLSufficient to dis- 
solve the solid. This filtrate contains, in addition to free ammonia, the 
complex silver ammine chromate, whose ions present the following equi- 
librium: 


2 [Ag(NH,)j]+ + CrO— Ag,Cr 04 + 4 NH,. 

This yellow ammoniacal solution of [Ag(NH 3 ) 2 ] 2 Cr 04 will precipitate brown 
silver chromate on contact with all materials that withdraw ammonia and 
therefore disturb the equilibrium* (see p. 155). Amorphous silica, in con- 
trast to the crystalline form, can bind ammonia, probably through ad- 
sorption on its extensive free surface. Consequently, it reacts with the 
equilibrium solution. 

It is worthy of note that certain silicates react with both equilibrium 
solutions since they contain both acid-decomposable silicates and amor- 
phous silica. 

Procedure (detection of acid-decomposahle silicoies): A small quantity 
(l-'fi milligrams) of the finely powdered specimen is placed in the depres- 
sion of a spot plate and allowed to stand with one or two drops of the 
Ni-dimethylglyoxime equilibrium solution. The powder turns red after 
a few minutes if acid-decomposable silicates are present. 

When using this test, care must be taken that free oxides or carbonates 



210 EXAMINATION OF ROCKS, MINERALS, AND TECHNICAL MATERIALS 

are absent, since they also produce nickel dimethylglyoxime with the 
equilibrium solution. 

The equilibrium solution is prepared as follows: 2.3 g. NiSO^ *71120 
dissolved in 300 ml. of water is treated with 2.8 g. of dimethylglyoxime 
in 300 ml. of alcohol. After 30 minutes the suspension is filtered. 

Suggested test maierials: Garnierite; apophyllite; stilbite (natrolite) (all 
three are zeolites). 

Procedure {detection of amorphous silica): A small quantity (1 to 5 
milligrams) of a finely pulverized specimen is treated in the depression 
of a spot plate with one or two drops of the silver chromate equilibrium 
solution. Brown-red/.g2Cr04 separates almost immediately on the surface 
of the powder if amorphous silica is present. 

The Ag-chromate equilibrium solution is prepared as follo^vs: Freshly 
precipitated, w^ell-washed silver chromate is added in small portions to 
6 N ammonia until considerable quantities remain undissolved on swirling. 
The suspension is allowed to stand for one hour and is then filtered into 
a bottle that has a tightly fitting stopper. If the reagent is used repeatedly, 
ammonia is lost, and a slight precipitate of silver chromate appears. The 
solution can then be restored to usefulness by filtering it. 

Suggested test maierials: Garnierite, montmorillonite, kaolin, natrolite, 
opal, 

Kieselguhr, which was long considered to be amorphous silica, has been 
shown by recent studies to be crystalline. It does not react with the 
silver chromate equilibrium solution. 

8. Detection of Fluorine in Rocks and Mineral Waters 

Fluorine occurs chiefly in crystalline residues of the magma; conse- 
quently many pegmatites contain considerable fluorine. The most im- 
portant fluorine mineral is fluorspar or fluorite (CaFj) ; cryolite (NaaAlFe) 
also is important. Apatite 3 Caj(P04)j * Ca(ClF)2, which is used for the 
preparation of superphosphate fertilizers, contains varying quantities of 
fluorine. It is known as fluor- or chlorapatite according to whether the 
fluorine or chlorine content predominates. The semiprecious stone topaz, 
Al2(F, 0H)2Si04, contains varying amounts of fluorine. 

Fluorine is present in small quantities in most soils, from which it is 
taken up by plants. Consequently, almost all plant ash contains small 
amounts of fluorine (birch leaves, for instance, about 0.1 per cent). Fluor- 
ides enter water because calcium fluoride is slightly soluble in waters con- 
taining carbon dioxide. Accordingly, many mineral waters are char- 
acterized by a slight content of fluorine. 

Chemical Basis: Conversion into silicon tetrafiuoride and hydrolysis to 
silicic acid. Both soluble and insoluble fluorides produce volatile silicon 
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t6trEfluoride when wanned with quartz sand and concentrated sulfuiic 
acid: 

MeF» + H,SO* MeSO* + 2 HF, 

SiO, + 4 HF SiF* + 2 H,0. 

The gas is absorbed in a drop of water and reacts to form silicic acid and 
hydrofluosilicic acid: 

3 SiF^ -f- 4 H,0 = H4SiO. + 2 II,SiF*. 

Both of these products react with an acid solution of ammonium 
molybdate and form a yellow color due to a complex silicomolybdic acid, 
H^i(Moj 07 )fl. The molybdenum in silicomolybdic acid, as in the analo- 
gous phosphomolybdic acid, exhibits an increased reactivity toward oxi- 
dizable compounds. Like phosphomolybdic acid, the complex silicon acid 
can oxidize benzidine to “benzidine blue,” and is itself simultaneously re- 
duced to “molybdenum blue” (see p. 147). 

This series of reactions is the basis of the followng method for detecting 
fluorine. When applying this test, care should be taken that the decompos- 
ition with sulfuric acid does not produce other volatile compounds which 
can react with ammonium molybdate. The formation of hydrogen sulfide 
and sulfur dioxide are the only interferences of this kind likely to be 
encountered when testing minerals and rocks. Specimens containing 
sulfide should be roasted before testing for fluorine to convert the sulfides 
into oxide and sulfate. Ignition is also advisable with carbonates, so 
that the action of sulfuric acid will not liberate large quantities of carbon 
dioxide, whose pressure might lift the stopper of the gas evolution ap- 
paratus. 

Procedure: The specimen is finely pulverized and mixed with the purest 
quartz sand. The mixture is placed in the gas evolution apparatus (Fig. 
25, p. 51). One to three drops of concentrated sulfuric acid are added. 
The knob of the stopper is dipped into water and care is taken that a drop 
remains suspended on this projection. The apparatus is then closed 
carefully. It is placed on a hot plate, warmed gently for about one minute 
and then allowed to stand from 3 to 5 minutes. The drop on the knob 
of the stopper is washed into a micro crucible, 1 or 2 drops of ammonium 
molybdate solution are added and the mixture w^armed until bubbles begin 
to appear. When cold, a drop of benzidine solution (1 per cent in 10 per 
cent acetic acid) and several drops of saturated sodium acetate solution 
are added. If silicic acid and consequently fluorine is present, the solution 
turns blue. 

Mineral waters are tested for fluorine as follows: Five milliliters are 
placed in a RTTia.ll porcelain dish, a pinch (tip of knife blade) of quartz sand 
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added, and the suspension is evaporated to dryness. The residue is then 
carried through the procedure just described. 

The sand used in this test is prepared by heating commercial quartz 
sand with concentrated sulfuric acid, washing with water and drying. 
The ammonium molybdate solution is prepared by dissolving 15 g. of 
(NH4)2 Mo 04 in 300 ml. of water and then pouring this solution into 100 
ml. of nitric acid (sp. gr. 1.2). 

The identification limit of the fluorine test is 1 7 fluorine in drops. 

9. Detection of Phosphate in Rocks and Minerals 

Apatite 3 Ca3(P04)2*CaCl2 (chlorapatlte) and 3 Ca3(P04)2*CaF2 (fluor- 
apatite) is the most important phosphate rock and occurs most frequently. 
Apatites always are present in considerable quantities in acid granites. 
The phosphatic pegmatites were formed during the recrystallization of the 
magma. Phosphorite, Ca3(P04)2, is also widely distributed. The phos- 
phate beds were produced by leaching of calcium phosphate by carbonated 
waters, followed by precipitation by limestone and heavy metal compounds. 
Extensive beds of bauxites containing phosphate are known. The bones 
and teeth of vertebrates contain hydroxyl apatite, 3 Ca3(P04)2-Ca(0H)2. 

Chemical Basis: Oxidation of benzidine by ammonium phosphomolyb- 
date. All soluble and insoluble phosphates react with nitric acid solutions 
of ammonium molybdate and form a yellow crystalline precipitate, whose 
approximate formula is (NH4)3P04-12Mo03-aq. The molybdenum of 
this complex compound is more active toward many reducing agents than 
molybdate under normal conditions. For instance, benzidine is oxidized 
to benzidine blue, with simultaneous formation of molybdenum blue 
(see p. 146), by traces of ammonium phosphomolybdate that are too small 
to be seen. 

The identification limit of this test is 0.05 7 P2O5 in drops. 

Procedures: A granule, or several milligrams of the powdered specimen, 
is placed on filter paper, moistened with a drop of ammonium molybdate 
solution and held over a hot plate for several minutes. The paper is then 
spotted with benzidine solution and the moist fleck is then held over 6 N 
ammonia water. A deep blue appears on the paper beneath the specimen, 
or at some distance from it (sometimes in a coherent mass), wherever 
even traces of ammonium phosphomolybdate have formed. 

The reagents are prepared as follows: Five grams of (NH4)2Mo04 are 
dissolved in 100 ml. of water and the solution poured into 35 ml. of nitric 
acid (sp. gr. 1 .2) . The benzidine solution contains 0.05 g. of the base or the 
hydrochloride dissolved in 10 ml. of concentrated acetic acid and then 
diluted with water to 100 ml. 

Excellent results are obtained if the test is made on a streak plate. A 
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streak of the specimen is spotted with the ammonium molybdate solution 
and allowed to stand for some time. Drops of the benzidine solution and 
of 6 ammonia are then added in succession. 

Minerals can frequently be tested in &iiu. A drop of the molybdate 
solution is placed on the mass and after several minutes the liquid is taken 
up with a piece of filter paper. The .subsequent reactions are made on 
the paper. 

This test for phosphate, vnih. a simple modification, may be used also for 
the identification or detection of the localization of apatite in thin sections, 
or in the polished surface of a rock. The following procedure is used : 

A small filter paper is soaked with the ammonium molybdate solution 
and the section is warmed. (In no case must the temperature be allowed 
to rise to the point that the Canada balsam used for imbedding becomes 
liquid.) If a piece of rock is being tested, it is warmed. The section, or the 
rock, is pressed against the moist filter paper for about 1 or 2 minutes. The 
filter paper, with the contact surface upward, is then laid on a strip of 
filter paper soaked with the benzidine solution, so that the benzidine pene- 
trates by capillary action from below. The first paper is then held over 
6 N ammonia and an exact picture of the apatite crystal of the section 
appears in blue on the filter paper. The position of the crystal in the 
section can thus be determined accurately. Even the smallest crystals, 
whose apatitic nature is doubtful, can be determined rapidly by this 
method, which may either replace or supplement an optical study. 

Suggested test materials: Apatite, phosphorite, superphosphate. 

Arsenates are quite similar to phosphates both chemically and miner- 
alogically, but they do not, however, respond to the benzidine reaction 
under the foregoing conditions (see page 147). Accordingly, no confusion 
results and, in fact, it is possible to detect quickly the presence of phos- 
phate in arsenates by this procedure. 

10. Detection of Sulfide Minerals and Ores 

Sulfidic minerals and ores, namely metal sulfides, are widely distributed 
as glances, blendes, and pyrites. They are very important raw materials 
for such commercial products as metals, sulfuric acid, etc. Consequently, 
the rapid recognition of the presence of a sulfidic ore is important in 
mineral and rock determinations, and also for technical questions con- 
cerning the working up of ores and residues. 

Chemical Basis: Catalytic acceleration of the iodine-azide reaction. The 
reaction; 

2 NaN, -H Is -» 2 Nal + 3 N, 

ordinarily proceeds at an immeasurably slow rate. It is catalytically 
accelerated by all inorganic and organic compounds that contain sulfidic 
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sulfur. The occurrence of the reaction can be seen ea^y because oi the 
consumption of free iodine (discharge of color) and by the liberation of 
nitrogen (appearance of bubbles). The catalytic effect is brought about 
by even traces of sulfides, including those found in nature. Even though 
the latter are very stable toward acids, they act in this instance as rapidly 
as soluble or freshly precipitated sulfides. Accordingly, the test for metal 
sulfide can be made on the specimen itself (by applying the reagent solu- 
tion to it). It is better, however, to use a finely powdered test portion, 
since the extensive surface brings about a quicker action than coarse pieces 
or larger crystal surfaces. 

The iodine-azide reaction is not affected by arsenides, antimonides, 
tellurides, selenides, or free sulfur. However, in practice, it must be 
remembered that almost all minerals of these types contain small amounts 
of sulfide, and can, therefore, show a weak iodine-azide reaction. 

Procedure I {detection by formation of nitrogen): The test can be made in 
various ways. The powdered specimen is covered with iodine-azide solu- 
tion in a micro-test tube and the formation of small bubbles of nitrogen 
noted. Or a particle of the pulverized material is brought into contact 
with one or two drops of the reagent in an Emich centrifuge tube by means 
of a platinum wire as described on p. 165. It is also possible to put a drop 
of the reagent, by means of a pipette, on the material in situ, or to spot a 
streak of the mineral on a streak plate with the reagent. In the latter 
case, the streak should be as thick as possible; any coarser particles should 
be blown away. The reaction with the streak has the advantage that the 
mineral specimens are scarcely damaged. 

The reagent solution consists of 1 g. of sodium azide, 1 g. of potassium 
iodide and a tiny crystal of iodine in 3 ml. of water. The solution can be 
used warm if necessary. 

Procedure II {detection through consumption of iodine): A particle of the 
finely ground material is placed on a strip of filter paper (3X6 cm.) and 
spotted with a drop of 2 per cent sodium azide in 0.01 N iodine solution. 
A second drop of the reagent is placed on the paper at such distance from 
the first spot that the two do not touch. Both flecks become bright blue 
because of the starch in the paper. After about two minutes, the paper is 
immersed in water and swirled several times so that most of the mineral 
powder is detached. In the absence of sulfide, both flecks will be uniformly 
blue. If sulfide is present, a white spot surrounded by blue will be seen 
at the place where the sulfide could be active. Obviously, the filter paper 
should be tested beforehand to insure a sufficient content of starch. 

Suggested test materials: Pyrites, cinnabar, galena, or other sulfide ores. 



Chapter VII 


TESTING OF TECHNICAL MATERIALS AND PRODUCTS WITH 
THE AID OF SPOT REACTIONS 

The chemical testing of technical materials seldom requires complete 
qualitative or quantitative analyses since entirely unknown products are 
practically never involved. For the most part, quite definite questions 
are presented as to the presence or absence of certain substances which 
determine the excellence of the particular product or are essential in char- 
acterizing it. Frequently, information is required regarding the resistance 
of materials to attack by such agencies as water and air, and also how well 
certain chemical claims are met. Spot analysis often renders valuable 
services in the rapid answering of such questions; it also serves as a prelim- 
inary or orientation approach for any subsequent quantitative determina- 
tions that may be necessary. 

In the first place, it may be essential to determine wliethcr or not the 
claims concerning a particular product are true. In such cases, one or 
more of the essential constituents must be identified definitely ; no particu- 
lar attention is paid to the other materials that may be present. In general, 
this part of the testing of materials Is simple. It is sufficient to dis- 
solve small quantities of the specimen and to make characteristic identify- 
ing tests. Sometimes these can be made directly on the solid test material. 
Extremely sensitive tests are not necessary, since the prolilem Is merely to 
identify or establish the presence of one or more of the main constituents. 

Questions concerning materials which are not integral constituents arise 
much more frequently. They may have been added purpo.scly or they 
may be present as undesirable impurities. In such investigations it must 
be noted whether the added materials or contaminants are distributed 
uniformly or whether they are localized in certain parts as inhomogeneities 
or segregations. The choice of the identifying reaction and the method of 
examination will be determined in part by these two entirely different 
tasks. Spot reactions will frequently serve to establish the presence or 
absence of the accompanying metallic or non-metallic substances deter- 
mining the value of the material being tested. Important conclusions can 
be drawn from the results of such tests, which can be made directly on the 
object itself, or on solutions made from samples taken from it. Sometimes, 
in studies of this type, it is well to use different teats with quite distinct 
sensitivities, because the positive or negative responses then give a measure 
of information as to the quantities of the pertinent material (s) present. 

In many instances the accompan3ring materials are tolerated, provided 
their quantity does not exceed certain limits; the proof of their presence 
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then serves especially as a check on constancy of quality or origin. High 
purity is desirable or demanded in some cases because the degree of purity 
determines the usefulness and therefore the value of the product. A 
special division of the chemical testing of materials, namely tests of purity, 
deals with investigations having this in view. The purity of a product, as 
a rule, is established by convention, because it is impossible to set up a 
specification of purity which will be valid in all cases. Aside from the fact 
that absolute purity is found in very few materials, chemical testing of 
purity is dependent, above all, on the sensitivity and certainty of the 
methods employed. These vary within wide limits. For example, it is 
possible to detect tracqs, in the real sense of the word, of arsenic, copper, 
iron, and other elements in materials. In contrast, the detection of 
potassium in sodium salts (and vice versa) is possible, only if the foreign 
element is present in amounts exceeding a relatively quite liigh percentage, 
because very sensitive and sure methods of detecting potassium (or sodium) 
arc not available, A search for traces can be of great importance when 
testing the purity of materials, because even extremely minute quantities 
of the foreign substance sometimes greatly affect the chemical and physical 
properties, particularly those of metals. Tasks of this kind naturally 
demand the use of the most sensitive tests and these can sometimes be 
accomplished excellently in the form of spot reactions. In such instances 
also it is possible, at times, to make the test directly on the specimen being 
examined. Usually, however, a special preparation or accumulative 
procedure is required as a preliminary to the spot reaction. 

Many technical materials are required to meet certain demands without 
detectable damage. Consequently, the determination of the resistance 
toward chemical and physical actions (water, acids, alkalies, chemicals, 
increased temperatures and pressures) are the subject of special tests, whose 
results are often of decisive significance in determining the use to which 
the material can be put. As a rule, tests of this kind are carried out by 
exposing the material (either in masses or as a powder) to a chemical or 
physical agency and then determining whether certain constituents have 
dissolved or been othermse altered. Valuable clues as to the extent of the 
resistance can sometimes be obtained from drops of the solution tested by 
spot reactions with different sensitivities. 

The foregoing comments have not completely covered the great field of 
the chemical testing of materials. The determination and the cause of the 
changes undergone by such materials when stored, transported, and during 
processing, are of great importance. It is often necessary to keep in mind 
that only small quantities can be available for studies of this kind, so that 
here again the problem of searching for traces may become of practical 
importance. The same is true of examinations required for legal purposes 
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iE criminal investigations. In these, the preservation of the results of the 
test in the form of permanent preparations may have high documentary 
value. 


1. Detection of Lead in Alloys, Pigments, Glass, etc. 

The definite and rapid detection of lead is often desirable in examining 
various materials and establishing purity. Certain bronzes, for instance, 
differ in their lead content; some inorganic earth colors (pigments) may be 
characterized by their lead content; the presence or absence of lead plays a 
r61e in determining the value of some glasses. Tc^sting for lead is also 
important in examinations of foods. 

The follovring procedure permits the rapid and definite recognition of 
lead, without requiring the tedious preparation of a special solution of the 
test portion. 

Chemical Basis: Formation of lead rhodisonate. Pb'^ ions react, in a 
solution whose pH is approximately 3, with sodium rhodizonato to form a 
red precipitate. The reaction is so sensitive that the buffer solution used 
to regulate the pH may also be used to dissolve lead from alloys, etc. 
Under these conditions no other metals interfere. 

The identification limit of this test is 0.1 y lead in drops. 

Procedure: A little of the powdered specimen (a few filings of alloys, etc.) 
is stirred in the depression of a spot plate with 3 drops of the buffer solu- 
tion. After about 2 minutes, a drop of sodium rhodizonate solution is 
added. When lead is present, a red precipitate or color appears, depending 
on the quantity. With small amounts of lead it is best to make a l)lank 
test with the buffer and the sodium rhodizonate solution; the mixture 
becomes almost colorless after about 2 minutes. 

The reagent is a 0.2 per cent solution of sodium rhodizonate. It must 
be freshly prepared; it can be kept in the refrigerator about 3 days. The 
buffer solution (pK = 2.B7) contains 15 g. tartaric acid and 19 g. sodium 
bitartrate per liter. 

Suggested test materials: alloys (brass, bronzes, etc,), chrome yellow, 
Naples green, lead glass, driers, insecticides (lead arsenate). 

See p. 134 concerning the detection of traces of lead in metal salts. 

2. Detection of Traces of Cadmium in Copper or Zinc 

Cadmium should always be looked for when testing the purity of metallic 
copper or zinc. It is particularly apt to be present, in varying quantities, 
in crude copper or zinc, and traces may even find their way into the refined 
metals. The detection of small quantities of cadmium in these two metals 
is difficult and tedious when the classical analytical methods are used, 
because the chemical reactions of cadmium are quite similar to those of 
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copper and zinc. The method described here permits the rapid and 
definite detection of traces of cadmium in copper or zinc. Appropriately 
modified, it can also be used to test for cadmium in other metals. 

Chemical Basis: Precipitation of ferrous a,a'-dipyridyl~cadmium iodide. 
Ammoniacal solutions of cadmium salts contain Cd(NH 3 ) 4 '^ ions. On 
the addition of Fe(a,a'-dip)j''^ ions and iodide ions, a red crystalline 
precipitate separates immediately: 

Cd(NH,) 4 ^ + Pe{a,a^dip)r' + 4 I' = Fe(a,a'-dip),Cdl4 + 4 NH,. 

The Fe(a,a'-dip) 3 ++ ions are obtained by treating a solution of a ferrous 
salt with Q:,a'-dipyridyl hydrochloride. 

The sensitivity of the ^est for cadmium (see p. 121) is 0.05 y Cd in drops. 

Since copper and zinc salts, in ammoniacal solution, do not react with 
Fe(II)ot,a'-dipyridyl and iodide ions, and do not interfere with the precipi- 
tation of the cadmium salt, cadmium can be detected directly in the pres- 
ence of very large quantities of copper or zinc. If cadmium is present along 
with metal ions which produce a precipitate with ammonia, the precipitate 
is filtered off and the test for cadmium made on the filtrate. 

It must be remembered that a mixture of Fe(a,a'-dip) 3 ++ ions and 1“ 
ions is not stable at all concentrations; a black-red precipitate of crystalline 
[Fe(a,a'-dip) 8 ]l 2 forms in concentrated solutions. Consequently, a solu- 
tion which still contains potassium iodide must be used as the precipitant. 
A solution of this kind contains all the ionic species necessary to precipitate 
the cadmium ions in accord with the foregorag equation. 

Procedure: The reagent solution is prepared as follows: 0.25 g. of a,a'- 
dipyridyl and 0.146 g. FeS 04 * 7 H 20 are dissolved in 50 ml. water and 
then 10 g. KI added. After thorough shaking, the precipitate is filtered 
off. The solution keeps well. If it becomes turbid, it can be restored to 
usefulness by filtering. 

One to two grams of the metal to be tested for cadmium is dissolved in 
nitric acid in a porcelain crucible. The solution is evaporated to dryness 
and the residue is taken up in 1 ml, of ammonia water. Filtration or 
centrifuging is necessary only if a considerable precipitate is produced. 
One drop of the ammoniacal solution is placed on filter paper (S. and S., 
601 or Whatman, 120) and, before it sinks in, is treated with one drop of 
the reagent solution. A red fleck or ring appears when cadmium is present, 
A positive result is easily seen, because the fleck stands out plainly against 
the reagent left in the paper. 

This procedure permits the detection, in one drop of 

0 .08 y cadmium Jin the presence of 500 times'! copper 
0.1 7 cadmium \this quantity of / zinc 

Suggested test mcderials: crude zinc, crude copper; zinc dross. 
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3. Detection of Nickel in Electroplatings and Alloys 

Since nickel resists the action of air and moisture, many tools, utensils, 
etc. are made of nickel or are electroplated with nickel. This metal is 
often added to alloys because it disguises the color of the copper. A rapid 
test for nickel is therefore desirable in many cases. The present procedure 
is electrographic; it can be accomplished without visible damage to the 
specimen. 

Chemical Basis: F ormation of red nickel diinethylglyoxime follov^uig anodic 
solution of metallic nickel. Nickel ions produce a red precipitate with 
dimethylglyoxime. Sufficient Ni''^' ions can be obtained without dissolving 
the entire sample, if the article or material to be t«ted is made the anode 
in a circuit, w'hose cathode is a strip of aluminum foil. Moist filter paper 
impregnated with dimethylglyoxime is placed between the electrodes. 
The current is furnished by a flash light battery. When the circuit is 
closed, the nickel dissolves at the anode and migrates toward the cathode. 
On the way, however, it is precipitated by the dimethylglyoxime, and a red 
fleck appears on the white paper where the specimen makes contact. 
Under these conditions copper or iron are also anodically dissolved. 
Cupric and ferrous solutions form brown or red salts respectively with 
dimethylglyoxime. However, these products, in contrast to nickel 
dimethylglyoxime, are soluble in water and accordingly can be washed out 
of the paper. 

Procedure: The reagent paper is prepared by bathing strips of filter 
paper in a 1 per cent alcohol solution of dimethylglyoxime. After drain- 
ing, the paper is dried with warm air. A strip of this impregnated paper 
is moistened mth water and laid on the aluminum foil that serves a.s cathode 
of the electrospot apparatus shown in Fig. 39. The object to be tested 
(foil, wire, chips, etc.) is placed on the reagent paper and the circuit is 
closed by pressing the copper plate which serves as anode. After about a 
minute the current is interrupted and the anode and the test piece are 
removed. If nickel is present, a red fleck, which does not disappear on 
washing, is left on the white paper. 

Suggested test materials: Alloys containing nickel. 

4. Detection of Traces of Nickel in Cobalt Salts 

Since cobalt and nickel always occur together in ores and minerals, 
cobalt salts derived from these sources practically always contain varying 
quantities of nickel even after industrial separations and purifying proc- 
esses. It is not feasible to test cobalt salts directly for nickel by means 
of the sensitive dimethylglyoxime reaction. Cobaltous ions produce a 
brown color due to soluble complex compound contaimng di- and trivalent 
cobalt. This reaction consumes dimethylglyoxime, whose solubility is 
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limited; consequently not enough of the reagent is left to reveal minute 
quantities of nickel. Furthermore, nickel dimethylglyoxime is quite 
soluble in concentrated solutions of cobalt dimethylglyoxime salts. For 
this reason, neither the detection nor the determination of nickel in cobalt 
salts was previously possible for a quantity of about 0.03 mg. nickel, when 
the ratio of Ni:Co was greater than 1:100. 

The following tests will reveal traces of nickel in cobalt salts and, ’with 
appropriate modifications, can also be used to prepare cobalt salts which 
are practically free of nickel. 

Chemical Basis: Precipitation of nickel dimethylglyoxime after masking 
the cobalt as Co{CN)s ion. Nickel and cobalt salts are first precipitated 
as cyanides, which are soluble in an excess of the alkali cyanide. The 
complex K 4 Co(CN)tt and K 2 Ni(CN )4 result. These complex cyanides do 
not react with dimethylglyoxime because the solutions contain too little 
Ni"*^ or Co"*^ ions to exceed the solubility or the ion product of the respec- 
tive dimethylglyoxime salts. Hydrogen peroxide converts the complex 
cobaltocyanide into soluble complex cob alti cyanide, K 3 Co(CN)a, which is 
completely resistant to dimethylglyoxime and also to formaldehyde. In 
contrast, K 2 Ni(CN )4 is not affected by hydrogen peroxide, but formalde- 
hyde converts it into Ni(CN) 2 , which reacts promptly with dimethyl- 
glyoxime. Consequently, the cobalt can be masked completely by pro- 
ducing the complex cyanide and then oxidizing it. The nickel can then be 
precipitated with dimethylglyoxime after the complex nickel cyanide has 
been decomposed with formaldehyde. 

The reactions underlying the detection of traces of nickel in cobalt 
salts are: 

(I) Conversion of Cobalt and Nickel into soluble complex cyanides. 


Co-H- + 2 CN“ Co(CN) 2 Ni++ + 2 CN" Ni(CN)i 
Co(CN)i -h 4 KCN K^CofCN)* Ni(CN), 2 KCN KsNi(CN )4 
2 K4Co(CN) 4 -I- HjOj 2 KjCo(CN)b + 2 KOII 

(II) Decomposition of the complex nickel salt by formaldehyde: 


OK 

/ 

K,Ni(CN). + 2 CHiO -► Ni(CN), + 2 CH. 

\ 

CN 


K salt of 
glycolic nitrile 


(III) Precipitation of nickel dimethylglyoxime: 


Ni(CN), + 2 CtH»N,0, Ni(C*H7N*0,), -|- 2 HCN. 

The following procedure will reveal the presence of nickel even in high- 
grade cobalt salts, such as “for analysis’ ^ formerly regarded as nickel-free. 
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Xt is advisaiAe to run a parallei test with an absoluteiy nickel-tree cohalt 
salt, whose preparation is described presently. 

Procedure: A portion of the soluble cobalt salt to be tested, the size of a 
pea (about 0.05 g.), and a like quantity of the nickcl-frec cobalt salt are 
placed in adjacent depressions of a spot plate. The samples are dissolved 
in 1 or 2 drops of water and then drops of saturated potassium cyanide 
solution are stirred in until the precipitate first formed has redissolvwl. 
One or two drops of 3 per cent hydrogen peroxide are then added to oxidize 
the cobaltocyanide to cobalticyanide. The mixture is stirred occasionally 
until the solution becomes bright yellow (color of the Co(CN)6 ions). 
This requires several minutes. A pinch (tip of l^nifc blade) of solid di- 
methylglyoxime is added and then several drops of 40 jxjr cent formalde- 
hyde. The mixture is stirred. When nickel is present, the solution turns 
orange-red, or the red nickel dimethylglyoxime precipitates. Xlie parallel 
test conducted on the nickel-free preparation remains uncliangofl (yellow). 
Very minute color differences, produced by traces of nickel can be distin- 
guished by comparison with the nickel-free preparation. 

Suggested test materials: Technical colialt sulfate and “nickel-frcc’^ 
cobalt salts. 


Preparation of Cobalt Salts Quite Free of Nickel 

Ten grams of a “nickel -free” cobalt salt are dissolved in water, the solu- 
tion warmed and treated with a concentrated solution of pot assium cyanide 
until the precipitate, formed at first, dis.solves. A clear grccn-ycllovv solu- 
tion results. The cobalt is then converted into potassium cobalticyanide, 
K 3 Co(CN) 6 , by adding 3 per cent hydrogen peroxide and boiling for a few 
minutes. The liquid should become honey-yellow; if not, more peroxide 
must be added. Any slight precipitate is removed by filtering; then the 
solution is evaporated to a syrupy consistency. An excess of solid di- 
methylglyoxime is added and the lukewarm solution is stirred well with 40 
per cent formaldehyde. On cooling, nickel dimethylglyoxime, and solid 
dimethylglyoxime precipitate. The susjx^nsion is allowed to stand for an 
hour and then filtered. The filtrate, which is now free of nickel, is taken 
to dryness on a sand bath. The residue is carefully heated, with constant 
stirring, until the mass begins to char and appears quite black. After 
cooling slightly, the residue is stirred to a paste with warm water. Con- 
centrated hydrochloric acid is added and the mixture warmed on the water 
bath for 1 to 2 hours. The suspension is then diluted and filtered. The 
filtrate is set aside temporarily. The residue is dried, ignited, stirred to a 
paste with water, treated ivith concentrated hydrochloric acid, diluted 
and filtered. The two filtrates are then united. Caustic alkali is added; 
this precipitates cobaltous hydroxide, which is. filtered, washed thoroughly 
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and then ignited to the oxide. It can be converted into metallic cobalt by 
reduction in hydrogen. The washed oxide or the metal can be dissolved in 
acids; the nickel-free cobalt salts are obtained by crystallization. These 
can be used for the parallel tests required as specified in the preceding sec- 
tion. 


5. Detection of Traces of Metallic Zinc in Zinc Oxide 
Detection of Free Metsls 

Pure zinc oxide can be prepared by wet methods (e.g., by ignition of 
precipitated zinc carbonate) or by burning zinc vapor in air. The zinc 
oxide produced from seJutions is used for pharmaceutical purposes (various 
zinc preparations) , As a rule, it is denser then the very fine oxide obtained 
by burning zinc. The latter product has a high covering power and there- 
fore is used as a pigment by artists and in cosmetics. 

The detection of metallic zinc can be used to distinguish the two varieties 
of zinc oxide and also to evaluate zinc oxide. When produced by dry meth- 
ods, zinc oxide often contains traces of the metal which are not visible 
because they are coated with the oxide. Nevertheless, this inclusion 
diminishes the covering power of zinc oxide. 

Chemical Basis: Solution of metals by phosphomolybdic add with production 
of ‘‘‘molybdenum blue” Phosphomolybdic acid, H3P04‘12Mo03 *61120, 
is an acid of medium strength which may also function as an oxidizing 
agent. Consequently, phosphomolybdic acid dissolves not only those 
metals above hydrogen in the electromotive series but also more noble 
metals (Cu, Ni, Co, Ag, Hg) which do not dissolve in dilute hydrochloric 
or sulfuric acid. The solution of metals by the action of phosphomolybdic 
acid on compact pieces as well as on powders can be directly revealed by 
the formation of “molybdenum blue.” The latter is produced by the 
partial reduction of the sexivalent molybdenum to the quinquevalent stage 
of oxidation. 

Procedure: Portions (10 mg.) of zinc oxide are placed in four adjacent 
depressions of a spot plate. Without stirring, 3 drops of a saturated 
aqueous solution of phosphomolybdic acid and one drop of 6 W sulfuric 
acid are added to each . The zinc oxide dissolves slowly ; if traces of metallic 
zinc are present, blue dots (molybdenum blue) appear at the site of the 
metal. The dots are quite visible against the white background of the 
spot plate and the still undissolved zinc oxide. On standing, the blue 
points disappear because the soluble molybdenum blue diffuses away. 

If two kinds of zinc oxide are to be compared with respect to the content 
of metallic zinc, equal quantities of the specimens should be tested by the 
foregoing procedure in two neighboring rows of depressions of the spot 
plate. 
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Blue dots never appear if the zinc oxide contains no free metal. The 
number of blue dots is proportional to the content of metalUc zinc in the 
oxide. 

Zinc oxide “for analysis” (Merck and also Kahlbaum>Schering) gave a 
positive response to this test for metallic zinc. On the other hand, zinc 
oxide “C.P.” furnished by Coleman and Bell was found to be entirely free 
of the metal. 

Litharge (PbO) prepared in the dry way by oxidation of molten lead, as 
well as red lead (Pbj04) obtained by oxidation of PbO, always contain some 
metallic lead. The test for free lead can be made in the same way as the 
test for zinc in zinc oxide, if nitric acid is used in place of sulfuric acid as 
the solvent. Lead oxide produced by ignition of Pb(OH)2 or Pb(NOi)i 
contains no metallic lead. 

If metal powders (printing on paper, wrappers, etc.) are to be detected it 
suffices to spot a small strip of the specimen with a saturated solution of 
phosphomolybdic acid and to look for any blue coloration. 

Suggested test maienah: Zinc oxide from various sources, litharge, red 
lead, granulated metals (Mg, Al, Cu, Co, Ag, etc.), wrappings and printing 
on cigarette packages. 

6. Detection of Traces of Iron 
In Fluorides, Mercury Salts, et cetera 

Traces of iron should always be looked for when testing the i>urity of 
chemicals. The iron comes from the raw materials and the reagents used 
during the course of the preparation, from the equipment, from dust, from 
the packing materials, etc. and, as they have not been fully eliminated, 
traces enter the finished product. 

The usual identifying reactions for ferric iron with alkali thiocyanate or 
ferrocyanide cannot be used in certain cases. For instance, these reactions 
faU when they are applied in solutions containing fluorides or phosphoric 
acid. The iron is no longer present as ions, but as complex FeFa 
or Fe{PO*)2 — ions which do not produce a red solution with thiocyanate 
or a blue precipitate with ferrocyanide. In short, the iron Is masked. 

Likewise slight quantities of iron in mercury salts cannot be detected by 
means of thiocyanate or ferrocyanide, because Ilg^ ions with thiocyanates 
form complex, colorless Hg(CNS)4 ions. The Prussian blue reaction is 
indeterminate because of the concurrent production of yellow insoluble 
mercuric ferrocyanide. 

Consequently, in all cases where maskmg of ferric ions may be involved, 
or where thiocyanate or ferrocyanide ions are consumed by extraneous 
reactions, it is advisable to test for iron by the following procedure which is 
also suitable for the identification of iron in insoluble compounds. 

CAemtcoi Basis; Conversion of iron into Fe^ ions and detection with 
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afa'-4ipyridyl' {a,a'-phenantkroline). All soluble iron salts are reduced 
immediately to the ferrous condition by hydrogen sulfide or sulfurous acid 
and can then be detected by the sensitive a,a^-dipyridyl or a,a^-phenan- 
throHne reactions. Deep red Fe(a,a'-dip)3++ or Fe(a,a'-phen)3++ ions 
are formed (see p. 119). As the reaction occurs in acid, neutral, or am- 
moniacal solution, insoluble ferric compounds can be simultaneously dis- 
solved and reduced with hydrochloric acid solution of stannous chloride 
and then subjected to the test. 

The sensitivity of the test for iron with aja'-dipyridyl or a,a'-phenan- 
throline is 0.03 7 Fe in drops. 

Procedures: , 

1. Testing of fluorides: One milliliter of the solution to be tested is placed 
in a paraffined porcelain microcrucible and treated with one drop of color- 
less ammonium sulfide solution. After one minute a drop of a 2 per cent 
solution of a,o£'-dipyridyl (or a,a'-phenanthroUne) in dilute hydrochloric 
acid is added. In every case, additional dilute hydrochloric acid should 
be introduced to assure acidity of the mixture. A red to pink color ap- 
pears depending on the iron content. 

The crucible must be paraffined to prevent the hydrofluoric acid liberated 
on the addition of the acid reagent solution from dissolving traces of iron 
from the walls of the crucible. The coating is best applied by melting a 
piece of paraffin the size of a pea in the crucible and then swirling so that 
the liquid paraffin will cover the walls when it solidifies. 

Identification Limit: 4 7 Fe in' the presence of 1 g. K2F2. 

2. Testing of mercury salts: One or two drops of the solution to be tested 
is treated in a test tube with an equal volume of the reagent solution. 
Some solid sodium sulfite and sodium chloride are added and the mixture 
warmed. When traces of iron are present, a pink color develops at once. 

The sodium chloride is added to form NajHgCb. This prevents the 
precipitation of a white insoluble double salt of HgCb with a , a'-dipyridyl 
(phenanthrolino). 

3. Testing of alumina or pyrolusiie: A piece of alumina the size of a pea is 

ground to a fine powder and decomposed by fusion with potassium bisulfate 
in a porcelain crucible. The melt is dissolved in water, and sodium sulfite 
together Avith 1 or 2 drops of the acid solution of a,a'-dipyridyl (phenan- 
throline) introduced, A pink coloration appears when the iron content 
is small. * 

Pryolusite is testedror iron as follows; Several milligrams of the finely 
ground sample are mixed in a microcrucible with 1 or 2 drops of a weakly 
acid solution of stannous chloride. The mixture is warmed gently and 
then cooled. A red to pink coloration, depending on the iron content, 
appears when the reagent is added. 
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Stannous chloride sometimes contains a slight quantity of iron. Cor^e> 
quently, it should be tested beforehand for iron. In all cases (if the iron 
content of the stannous chloride is small) a parallel test should be made. 

Suggested test Tnaierials: Technical potassium fluoride, technical mercuric 
chloride, alumina containing iron, such as white bauxite; naturally occur- 
ring pyrolusite, or manganese dioxide taken from a flash light battery. 

7. Detection of Inorganic and Organic Compounds Which React 
with Mineral Acids 

The identification of rocks and minerals and the chemical examination, 
for various purposes, of technical materials often require a rapid method of 
detecting such water-soluble or insoluble products as react with dilute 
mineral acids to form the corresponding salts. Compounds of this 
which in the oddest sense can be regarded as “basic”, include hydroxides, 
oxides, carbonates, arsenates, phosphates, fluorides, organic bases, and 
salts of weak organic acids. 

Instances in which the following method of detecting basic compounds 
and materials attacked by acids can be applied, are: 

1. The recognition of rocks susceptible to attack by acids (oxides, car- 

bonates, phosphates, acid-decomposa!)le silicates, etc.). 

2. Detection of acid-soluble metals and alloys. 

3. Testing of evaporation and ignition residues. 

4. Detection of potassium chromate in potassium bichromate. 

5. Detection of free bases and salts of weak acids in organic mixtures. 

Chemical Basis: Precipitation of nickel dimeikylglyoxime from a iVi'*"*'- 

dimethylglyoxime equilibrium solution. The red nickel .salt is only partially 
precipitated if dimethylgly oxime is added to a solution of the nickel salt of 
a strong acid (chloride, nitrate, or sulfate). If the precipitate is removed, 
the filtrate is a solution saturated with nickel dimethylglyoxime and pre- 
sents the equilibrium: 

Ni++ 4- 2 DH, NHDH)» + 2 U+. 

The pH of this type of equilibrium solution is 1.9. The solution reacts with 
all materials that consume H+ ions. The equilibrium is thus disturbed 
leading to a deposition of red nickel dimethylglyoxime, which can be seen 
easily even in minute amounts. 

Another less stable but still more sensitive equilibrium solution can be 
prepared by treating nickel sulfate solution with an alcoholic solution of 
thionalid (thioglycolic-jS-aminonaphthalide) and filtering. 

The advantage of using such equilibrium solutions for the detection of 
basic compounds is that it is easily possible to discover rapidly even ma- 
terials so slightly soluble in water that they do not react with the usual 
indicators. The test succeeds with quite minute quantities of solids. 
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Procedure: The nickel-dimethylglyoxime equilibrium solution is prepared 
as follows: 2.3 g. NiSOi-THjO dissolved in 300 ml. of water is treated with 
2.8 g. dime thy Iglyoxime dissolved in 300 ml. of alcohol. After 30 minutes, 
the suspension is filtered. The filtrate will keep for several weeks in glass 
bottles. Several grains of the finely powdered sample are placed on a white 
porcelain spot plate. One or two drops of the equilibrium solution are 
mixed with the specimen with a fine glass rod or by blowing through a glass 
capillary. Depending upon the susceptibility of the sample to the acid 
contained in the equilibrium solution, there is either no change, or a red 
color appears immediately or after several minutes. Very small quantities 
can be tested on a slide and the color observed under the microscope. 
Specimens of rocks and minerals can be scraped with a pocket knife and 
the powder then spotted directly on the solid specimen itself. 

Only in the case of colorless materials can the production of the red 
precipitate be detected immediately. If colored products are being tested 
it is best to make blank tests, substituting several drops of water for the 
equilibrium solution. 

The analyst is urged to try the test with basic compounds such as 
MgNH 4 P 04 , albumen, etc., which have no effect on indicator solutions 
(phenolphthalein). They react promptly with the equilibrium solution. 

Aluminum oxide reacts with the equilibrium solution. This finding can 
be used to identify alumina. An aluminate solution is obtained in the 
usual scheme of qualitative analysis; hydrated alumina is precipitated from 
this by ammonium chloride or by acidifying and then adding ammonium 
hydroxide. If a gelatinous precipitate forms, it is considered as proof of 
the presence of aluminum in the original sample. It frequently happens, 
however, that even in the absence of aluminum, a gelatinous precipitate 
resembling hydrous alumina is obtained by this procedure. This pre- 
cipitate is silica, extracted from the glass vessels by strong caustic alkalies. 
Consequently, if in a qualitative analysis, a slight precipitate is obtained, 
it is always necessary to verify the identification of aluminum. Formerly 
this was not easy; consequently the erroneous reporting of aluminum was 
one of the most frequent mistakes in inorganic qualitative analyses. The 
identification can be made with the aid of the equilibrium solution. The 
precipitate, presumably hydrous alumina, is carefully washed free of alkali, 
that is, until the filtrate no longer responds positively when tested with the 
equilibrium solution. The solid is then either spotted on the filter, with 
the equilibrium solution, or portions are tested on a spot plate. A red 
that appears immediately and becomes increasingly more intense on stand- 
ing proves the presence of aluminum oxide. 

Suggested test materials: Hydroi^ aluminium oxide, aluminum oxide, 
calcium carbonate, magnesium ammonium phosphate, metallic magnesium, 
magnesite, lead carbonate, metallic zinc, zinc carbonate, bentonite, bauxite, 
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kfwlin, pumice, kieselguhr (not ignited), potassium chromate and 
bichromate (both in solution), fusible and infusible white precipitate 
(HgNHzCl and Hg(NH 3 )jClj), benzidine base, hexamethylenetetramine, 
a-naphthylam ine. 

8. Detection of Alkali in Ash, Evaporation Residues of Water, 
and so forth 

Varieties of paper that are apparently alike can often be differentiated 
by testing the ash for fixed alkali. For instance, qualitative and quanti- 
tative filter papers often look very much alike but the ashes differ markedly 
with respect to quantity and alkali content. The same is true of the ash 
of various natural and artificial charcoals. Such differences are easily 
determined by means of spot reactions and small quantities of the speci- 
mens suffice for these tests. 

Chemical Basis: Test for fixed alkali by reaction mth silver-manganeae 
nitrate. All compounds that furnish hydroxyl ions react immediately with 
a solution containing Mn++ and Ag+ ions. A solution of the nitrates is 
best. The reaction: 

4 OH~ -I- 2 -H Mn++ 2 Ag -h MnO» -|- 2 H,0 

produces a deep black adsorption complex of metallic silver and manganese 
dioxide. Consequently, if the ash of paper or charcoal, or the gently 
ignited residues from water, be moistened with the reagent solution, a gray 
to black stain appears, according to their content of fixed alkalies, CaO, etc. 

The identijication limit of the test for alkali with silver-manganese re- 
agent is 0.1 y K 2 O. 

Procedure: The reagent solution contains 2.87 g. Mn(N 03)2 and 3.39 g. 
AgNOs dissolved in 100 ml, of water and then treated drop-wise with dilute 
alkali until precipitation begins. The filtrate is used. To test the ash of 
paper, a small strip (approximately 2X3 mm.) is incinerated on a porce- 
1am crucible lid until the ash becomes as white as possible. After cooling, 
it is spotted with a drop of the reagent solution. The ash immediately, or 
in a few minutes, turns gray to black, depending on the alkali content. 
The ash of cigarette-, writing- or newspaper turns dark black immediately, 
indicating a hi gh alkali content. The same is true of qualitative filter 
paper, whereas the ash of quantitative paper hardly reacts. 

The alkali content of a charcoal is tested by ashing about 0.1 g. of the 
sample on a porcelain crucible lid and spotting the cooled residue with a 
drop of the reagent. 

To differentiate hard from soft water, or to determine whether the sample 
is distilled water, a drop is evaporated on a porcelain crucible lid, the 
residue United, cooled, and spotted with the reagent. The intensity of the 
black or gray, which, necessary, can be compared with standards carried 
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through the same procedure, establishes the nature of the sample. The 
finished colored test specimens can be preserved. 

Suggested test materials: Qualitative and quantitative filter paper, writing 
paper, charcoal, coal, bone black, activated charcoal, distilled and well 
water. 

9. Detection of Traces of Hydrogen Sulfide in Water and Traces 
of Sulfiu: in Organic Solvents and Fuels 

Palatable drinking water must contain no hydrogen sulfide. Water to 
be used for technical purposes (service or tap water) may contain no more 
than traces of HjS. Consequently, every chemical examination of water 
must include a test for sulfuretted hydrogen. 

The test for free sulfur in organic solvents and fuels is often important 
because sulfur can lead to serious corrosion of metals in contact with the 
organic liquids. This test for hydrogen sulfide can be applied, in the same 
form, for the detection of dissolved free sulfur. 

Chemical Basis: Formation of mercuric sulfide and its detection by catalytic 
acceleration of the iodine-azide reaction. Free mercury has so great an 
affinity for sulfur that, if water containing hydrogen sulfide or an organic 
liquid containing dissolved sulfur, is shaken with a drop of mercury, 
mercuric sulfide is formed on the surface. This can be detected by bringing 
the sulfided mercury drop in contact with an iodine-azide solution. The 
test will reveal invisible minute quantities of mercuric sulfide produced 
from slight quantities of H 2 S or S. The mercuric sulfide catalyzes the 
immeasurably slow reaction: 

2 NaN, + Ii 2 Nal + 3 N,. 

The formation of small bubbles of nitrogen will be observed (see p. 165). 

Procedure: The iodine-sodium azide solution consists of 3 g. sodium azide 
dissolved in 100 ml. of 0.1 N iodine. Ten milliliters of the water to be 
tested is shaken vigorously for several minutes in a hard glass test tube or 
a stoppered measuring cylinder with a drop of mercury taken from a 
mercury dropper (see p. 36, Fig. 10). The water is poured off and the 
mercury transferred to a watch glass. The rest of the water is removed 
by filter paper applied to the side of the drop. One or two drops of iodine- 
sodium azide solution are added. Some of the bubbles of nitrogen will 
stick on the surface of the mercury and are easily seen under a magnifying 
glass. 

When testing for sulfur in organic liquids, the sample is shaken with 
mercury and then completely volatilized before applying the test. 

Identijicaiion Limit: 0.05 y H 2 S in 10 ml. 

Concentration Ldmit: 1:200,000,000. 
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Still smaller H 2 S contents can be detected if a larger volume of the water 
is shaken in successive 10 ml. portions with a drop of mercury. This is 
then tested by the iodine-azide reaction. 

10, Detection of Sulfur That Can Be Extracted from Ores and 
Technical Materials 

It is often desirable, when examining technical materials, to be able to 
detect rapidly the presence of any free sulfur that can be extracted with 
carbon disulfide. For instance, numerous sulfide ores (polysuUides, pyrites, 
marcasites, many galenas) contain such sulfur as an original ingredient. 
Sometimes part of the sulfur of these ores is liberated as a result of oxidation 
when they are stored or weathered. A coprecipitation of sulfur, whose 
presence or removal must be checked, often occurs during sullide precipita- 
tions made in the course of analytical procedures. Free sulfur is an 
ingredient of many fungicides, particularly those used in vineyards. Phar- 
maceutical preparations may contain sulfur, cither as an active ingredient 
or as an undesirable decomposition product. The detection of free sulfur 
is important when examining vulcanized ruliber; the free sulfur content 
should be low. 

When extracting sulfur it should be remembered that the l>est extraction 
medium, carbon disulfide, dissolves only the crystalline modifications of 
sulfur. It does not dissolve amorphous sulfur which may be formed when 
sulfur-bearing compounds decompose. Hot pyridine will extract all 
modifications of sulfur; however its solvent power for this element is far 
below that of carbon disulfide. 

Chemical Basis: Addition of sulfur to thallium sulfide. Sulfur, dissolved 
in an organic solvent, forms an addition compound wdth thallium sulfide 
precipitated in the capillaries of paper and therefore finely divided. The 
resultant product differs from the black thallium sulfide in color (red- 
brown) and in its resistance toward dilute acids (see p. 90). Considerable 
quantities of sulfur can be detected directly by the formation of red-brown 
flecks after evaporation of the solvent. Small quantities react on the 
surface of the thallium sulfide distributed in the paper and protect the 
underlying thallium sulfide against the action of acids (see “Protective 
Layer Effect/' p. 85). The thallium sulfide reagent paper should be 
rather freshly prepared, since its stability is limited (about 4 days). The 
preparation of this reagent paper is described on p. 85. 

The identification limit on thallium sulfide paper is 3 7 sulfur in drops. 

Procedure I {orientation test): A small quantity (1 or 2 mg.) of the dry 
pulverized specimen is placed on thallium sulfide paper and spotted with 
a drop of carbon disulfide. The solvent is evaporated (blast of heated air) 
and the spotting with drops of carbon disulfide is repeated once or tmee 
more. The solid is then removed from the paper by means of a brush and 
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the paper then bathed in 0.5 N nitric acid, A red-brown fleck will be left 
if free sulfur is present. 

Procedure 11: The test portion is ground as finely as possible and ex- 
tracted with carbon^isulfide or pyridine in a micro-extraction apparatus. 
A drop of the extract is placed on thallium sulfide paper and dried in a blast 
of heated air. It should be noted whether the spot turns brown, an 
indication of the presence of about not less than 30 y sulfur in drops. The 
reagent paper is then placed in 0.5 N nitric acid. The thallium sulfide 
dissolves; a brown fleck remains on the spotted area only if sulfur was 
present. 

Free sulfur in vulcanized rubber can be detected by shaking a little of 
the sample, cut into piAjes, with 2-3 ml. of carbon disulfide in a test tube. 
After about 3 minutes, a drop of the solution is placed on thallium sulfide 
paper and treated by the procedure just described. 

Suggested test materials: Pyrites, rubber hose, rubber stoppers, purifica- 
tion masses from gas works. 

11. Detection of Tetraethyl (-phenyl) Lead in Motor Fuels 

Certain metallo-organic compounds (metal alkyls, -aryls, -carbonyls, 
and acetylides) are added to mineral oils because, even in small amounts, 
they retard certain undesirable reactions, chiefly by lowering the reaction 
rate. Metallo-organic compounds particularly, are used as anti-knocks 
and as anti-oxidants in hydrocarbon oils. Since the widely used tetraethyl 
(-phenyl) lead is extremely volatile, and has a very toxic effect on the 
nervous system, a sure test for this compound is at times of the greatest 
importance. The procedure described here is applied easily to gasolines 
and other motor fuels. 

Chemical Basis: Photochemical decomposition of tetraethyl (-phenyl) lead 
and detection of lead with dithizone. Ultraviolet light almost immediately 
decomposes finely divided Pb (CzHs)^ and Pb (C 6 H«) 4 . Butane (or diphenyl) 
and free lead are probably formed. The latter is partially oxidized. 
Metallic lead and also all lead salts undergo a very sensitive reaction with 
diphenylthiocarbazone (I), commonly known as dithizon. A deep red 
inner complex salt of lead is formed (II). 
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Dithizon reacts with numerous other metals, usually forming red inner 
complex salts. In the present case, however, the test for lead in motor 
fuels is unequivocal. 

The sensitivity of the dithizon reaction \s 0.04 7 Pb in drops. 

Procedure: One or two drops of the gasoline, etc., are placed on filter 
paper and irradiated under the quartz lamp until completely evaiwrated. 
The spot is then treated with a freshly prepared solution (O.l jx^r cent) of 
dithizon in chloroform. When tetraethyl (-phenyl) lead is present, the 
site of the gasoline fleck becomes deep red; otherwise in the absence of lead 
salts the fleck turns green. It is necessary to shake highly colored gasolines 
with activated charcoal before proceeding with the test. 

Oils usually have an intense self-color. If they 5re to be tested for lead, 
100 to 250 ml. of the sample are mixed with 3 per cent of ordinary benzene 
(CeHe), and then steam distilled. The distillate is tested for lead by the 
procedure just given. 

An alternate procedure is to place a drop of the leaded fuel on the surface 
of a 1 per cent potassium cyanide solution in a microcrucible. The 
specimen is then irradiated for about 30 seconds with ultraviolet light. A 
drop of dithizon solution will produce a red coloration if lead is present. 

Traces of nickel carbonyl, added as anti-knock to motor fuels, can be 
detected by an analogous procedure. Ammonia water is used to take up 
the metal and a 1 per cent alcohol solution of dimethylglyoxime is the 
reagent. 



Chapter VIII 

SPOT REACTIONS IN BIOLOGICAL MATERIAL 

The biological sciences (physiology, medicine, pharmacology, etc,), 
present numerous tasks and problems whose prosecution and successful 
solution require chemical methods of investigation. Extensive and clear 
cut information concerning the presence or absence of certain materials, 
their localization, action and alteration, must usually be secured, since 
important biological conclusions can often be drawm from such data. In- 
organic as well as organic compounds may be involved. Frequently in 
studies of biological m&terials, the subject of special interest is not the 
framework (stromatic material) of the vegetable or animal cells. The 
material of prime importance is rather the determination of the kind and 
quantity of the materials contained in the cell. These materials are 
present in fai* smaller quantities. 

From the analytical standpoint, the problems of biological nature that 
are to be treated chemically are, for the most part, essentially micro- 
chemical in their nature, or microchcmical methods arc particularly advan- 
tageous because of economy of time and material. Accordingly, many 
advances in the field of biochemistry have been closely connected with the 
development of microchemical methods. Consequently, when chemical 
studies arc made with biological materials, it is necessary to keep in mind 
the limits of sensitivity and definiteness of the present macro- and micro- 
chemical methods. In most cases it is useless to attempt to study, by 
chemical methods, problems dealing with changes in form and material in 
the individual cells, because the absolute quantity of the materials involved 
is too minute. On the other hand, when studying and following chemical 
processes in groups of cells, that is, in tissues, parts of organs, and in 
extracts and body fluids, it is frequently possible to detect and determine 
essential constituents, even though these occur in very small amounts. 

The biological sciences present a series of problems involving the search 
for traces of organic and inorganic compounds. As in inorganic analysis, 
the use of catalyzed and induced reactions affords the greatest possible 
sensitivity in the detection of organic compounds. The material to be 
detected serves as the catalyst or inductor. When such reactions are used 
for chemical tests, the analytical study employs the same reaction mecha- 
nism by which many compounds of the living organism are produced or 
transformed. The use of spot reactions in the study of biological prob- 
lems is of recent date, but the useful findings that have been secured thus 
far show definitely that spot analysis can be applied successfully in this 
field also. 
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1. Examination of Drinking Water for the Presence of Lead 


Lead may occur in streams and in underground waters in mining regions. 
It also is sometimes present in soft water areas, because such water may 
become contaminated from the lead piping, since this metal readily dis- 
solves in soft water through the action of the air and carbon dioxiile. 

Any examination of water for its potability should include a lest for 
lead, because small quantities accumulate in the human organism and may 
result in a toxic condition. All water containing more than 0.3 mg. I’b 
per liter is unfit for human consumption. Tim standanl metliods of water 
analysis prescribe a quantitative determination of load. When carrani out 
properly, this requires 3 to 4 liters of water, a numt^'r of atixiliary reagents, 
and consumes about two days. 

The procedure given here does not pretend to be (luan tit alive. It will, 
however, reveal, by a color reaction, any lead content oNco{'(iing 0.5 jng. 
per liter. Not more than 10 ml. of water is necessary, and the test can 
be completed in 30 to 40 minutes. The method sullicos to disclose waters 
that should be rejected because they carry excessive amounts of lead. To 
reveal quantities between 0.25 mg. and 0.5 mg. Pb per liter, a given volume 
of water can be reduced to lialf its volume by evaporation, and the test 
then carried out on 10 ml. of the concentrate. A positive reaction then 
indicates the presence of 0.25 mg. Pb per liter; a negative result .shows 
that the lead content is below this level. 

Chemical Bam: Traces of lead that arc too small to bo precipitated hy 
hydrogen sulfide can be coprccipitated ]>y mercuric sulfido. The IlgS 
acts as a “trace catcher” or accumulator. If this mixed precipitate Is 
dried and ignited, the mercuric .sulfide is completely de.stroyed and vola- 
tilized. Only the lead remains, and this, now tTansforimxi to sulfate, 
forms a very fine suspension. Lnder these conditions, the lead .sulfate 
reacts immediately with sodium rhodizonate solution and forms a colored 


salt (see p. 135). ♦ in i 

The procedure given here will permit the detection of 5 t 1 b m Kl ml. 
of water; if concentrated to half its volume, 2.5 7 P)) can be detected. 
These results correspond to 0.5 mg. and 0.25 mg. Pl> per liter, icspeciive y. 

Procedure: Ten milliliters of the water are placed in a test tube and 
acidified with one drop of concentrated hydrochloric acid. Twenty milli- 
granis of mercuric chloride arc introduced and the solution is then treated 
with hydrogen sulfide until the precipitation is completed, ihe prccipi- 
tate is collected on a paper, dried, and then transferred to a small crucible 
and heated cautiously. When the mercuric sulfide has been <1"™" 
the crucible is ignited for several minutes. After cooling the , 

treated, in the crucible, ivith three drops of buffer solution (see p. 2ip and 
one drop of freshly prepared (0.2 per cent) sodium rhodizonate solution. 



234 


SPOT REACTIONS IN BIOWKMCAL MATERUL 


If the lead content is less than 5 7 , a discoloration appears in 2 to 3 minutes; 
when 5 y or more is present, red flecks appear. 

If no reaction takes place, the test may be repeated with the same water 
after it has been concentrated to one-half its volume. A positive reaction 
in 10 ml. of the concentrated water indicates the presence of over 2.5 y 
Pb, corresponding to 0.25 mg. Pb per liter in the original water. 

Water containing flecks of hydrous ferric oxide or other suspended mate- 
rials must not be filtered, because all such materials retain lead by adsorp- 
tion. Even filter paper holds back lead from solutions passed through it. 

2. Detection of Potassium in Bloody SalivUi Animal and Vegetable 
• Tissues 

Chemical Basis: Formation of potassium dipicrylamine (see p. 115). 

Procedure: A drop of saliva, blood, etc., is placed on filter paper impreg- 
nated with sodium dipicrylamine. After drying in a blast of hot air, the 
spotted paper is bathed in dilute nitric acid until the paper becomes bright 
yellow (color of the free dipicrylamine). The paper is then placed in water 
to avoid needless prolonged action of the acid. When potassium is present 
a red fleck or ring will be left. 

The identification limit is 3 y potassium. 

If only minute quantities of potassium arc expected, it is advisable to 
evaporate several drops carefully on platinum foil. The residue is ignited, 
cooled and taken up in a macrodrop of water. Microdrops of the solution 
are transferred to the reagent paper by means of a glass capillary. 

When animal or vegetable tissues are to be tested for potassium, an 
appropriate quantity is ashed. The ash is treated with water and a drop 
of the suspension (no need to filter) is placed on the reagent paper. 

3. Detection of Traces of Copper in Biological Media 

If water is put in contact with metallic copper (or silver) a definite 
germicidal action will be evident within a short time. This “oligodynamic 
effect” is due to traces of copper (silver) which enter the water as ions. 
They probably act on the albuminous material of bacteria to form copper 
(silver) compounds. 

The presence of copper ions sometimes brings about important biological 
effects, because the reversible change Cu(II) ;=i Cu(I) can catalytically 
accelerate either oxidation or reduction reactions. A model inorganic 
instance of this action of copper is the oxidation of sulfite solution when 
exposed to the air. This auto-oxidation is much slower in water contain- 
ing no copper than it is in ordinary water containing traces of this clement. 

Consequently, in biological studies there is often a real reason for testing 
water or other material for traces of copper. This test can be made by 
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the procedure given here. The effect can also be used to prove that traces 
of copper go into solution when water is brought in contact with metallic 
copper or with alloys containing a little copper. 

Chemical Basis: Catalytic acceleration of the - S|Or“ reaction by 
copper salts. The reaction 

2 Fe+++ + 2 S,Or~ = 2 Fe++ + BiOr 

is catalyzed by copper ions. Accordingly, if a solution of red ferric thio- 
cyanate, which always contains ferric ions: 

Fe(CNS), ^ Fe+++ -f 3 CNS", 

is treated with a solution of sodium thiosulfate the color fades after some 
time. This fading period is shortened if even traces of copper salts are 
added (see p. 161). The preparation of the reagent solutions is described 
on p. 161. 

The idenlificaiion limit of this test is 0.02 y copper in drops. 

Copper can be detected in much more dilute solutions if the solutions arc 
shaken with an adsorbent for copper. The adsorbent is then isolated and 
brought in contact with a Fe+++ - S2O3"- solution. A distinct difference 
in the decolorizing periods will be observed on comparison with a parallel 
test with the pure adsorbent. 

If vegetable or animal tissues or pharmaceutical products arc to be 
tested for traces of copper, a sample should be ashed and the residue 
spotted with the reagent solution. 

(a) Demonstration of the Solubility of Metallic Copper 

One drop of Fe(CNS)3 solution and one of Na2S20i solution are brought 
together in adjacent depressions of a spot plate. One mixture, for com- 
parison, is left untouched or is stirred with a wooden splint (toothpick). 
The other is stirred with a copper wire or a gold ring. The color disappears 
almost immediately after the copper wire comes in contact with the solu- 
tions. The fading als(r^jMinctly quicker after contact with the ring, 
since gold is always allOs^^^wilE^mall quantities of copper. 

(b) Detection of Copper at a Dilution 1:1,000,000,000 

A copper sulfate solution containing 1 7 copper per liter is prepared by 
step-wise dilution. Ten milliliters of this 1:10® solution are placed in a 
hard glass test tube provided with a stopper. About 10 mg. of calcium 
fluoride or talc is added and the suspension is shaken for 30 minutes on 
the shaking machine. For comparison, an equal volume of doubly dis- 
tilled water is similarly treated with the same quantity of adsorbent. The 
suspensions are then centrifuged. Approximately equal quantities of the 
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two adsorbents are transferred to adjacent depressions of a spot plate. 
Single drops of Fe(CNS )3 and Na^SsOa solutions are added in turn. (The 
definiteness of the observation is increased if the thiosulfate is added to the 
blank test before it is added to the copper solution.) It w^ill be found that 
decolorization occurs at different rates; it is faster with the adsorbent that 
was shaken with the water that contained copper. 

This procedure can be used to detect traces of copper in samples of water. 
It is advisable to lun a comparison test with water knowm to be free of 
copper. This can be prepared best by shaking a liter of doubly distilled 
water for 2 hours with 2 g. of talc. The adsorbent is allowed to settle and 
the necessary quantity of water is taken each time from the storage vessel. 

A 

(c) Detection of Copper In Plant and Animal Tissues 

Varying quantities, determined by trial, of the material to be tested are 
ashed in a quartz crucible. The cooled residues are treated wdth 2 drops 
each of ferric thiocyanate and thiosulfate solutions. Traces of copper 
can be detected by the shortening of the decolorization period in compari- 
son with the time required in parallel tests, 

4. Detection of Reducing Sugars 

Chemical Basis: The reduction of silver oxide to metallic silver. Alkaline 
solutions of reducing sugars act on finely divided freshly precipitated silver 
oxide even at room temperatures and produce free silver. Since ammonia 
dissolves silver oxide and, in contrast, not more than traces of metallic 
silver, the reduction can be carried out as a spot reaction on paper in such 
a manner that the metallic silver is fixed on the paper. Minute quantities 
can thus be made plainly visible. 

The detection of reducing sugars with the aid of silver oxide is distinctive 
only when other reducing compounds are absent. For instance, silver 
oxide is reduced, under the conditions outlined here, by tartaric acid. 
The reaction cannot be applied to detect sugar in urine, because of the 
presence of uric acid , also a reducing agent. Compounds with — SH or — CS 
groups should be absent, since such materials may produce black silver 
sulfide, which is not soluble in ammonia. 

Procedure: Strips of filter paper are bathed in 0.2 N silver nitrate solu- 
tion immediately before making the test, and dried in a blast of heated air. 
One drop each of the alkaline test solution and of a sodium hydroxide 
solution of about the same strength are placed next to each other on the 
silver nitrate paper. Brown flecks of silver oxide appear immediately. 
After about one minute, the paper is placed in 6 A ammonia. The pure 
silver oxide fleck disappears almost completely in a short time, whereas 
the fleck formed by the specimen containing reducing sugar forms a black 
to bright brown spot or circle according to the quantity of sugar present. 
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Identification Limit: 0.1 y sugar. 

Concentraiion Limit: 1:500,000. 

Detection of Ascorbic Acid (Vitamin C) 

Chemical Basis: Reduction of maiiganese dioxide or ammomum pfvos- 
phomolyhdale. Ascorbic acid (I) is a strong reducing agontthat is oxidized 
to dehydroascorbic acid (II) by Mn02 or (NlldsPO*- 12 ^loOs: 

r^o 

0=C— C=C~C— C— CIb — > o=c— c— c— c— C— CIb 

I I I I I II III I I 

OH OH H OH OH 0,0 H OH OH 

(I) (11) 


These two oxidizing agents are not soluble in water. They can lie preciin- 
tated in the capillaries of filter paper, where, because of t h(«ir line state of 
subdivision, they are so reactive that very small (luantitios of jiscorbic acid 
can be detected by spot reactions by the disappearance of .MnOi or by the 
formation of molybdenum blue (see p. 102). 

Manganese dioxide paper is prepared by soaking filter paper for 15 
minutes in a solution obtained by diluting 1 ml. of 0.2 A KMnOi to 1000 ml. 
After draining, the paper is dried in a blast of heated air. Some of the 
cellulose of the paper is oxidized; the Mn 02 formed remaiiLs in the capil- 
laries. The paper is brown to practically colorle.ss, according to the 
quantity of manganese dioxide present. Larger quantities of a.scorl}ic acid 
can be detected directly by the formation of a white fleck when a drop of 
the test solution is placed on the brown paper. Almost colorless reagent 
paper should be used for revealing the presence of very small (luantitiea of 
ascorbic acid. The consumption of manganese dioxide in this case is 
made visible by placing the paper in a benzidine solution prepared by 
diluting a saturated solution of benzidine hydrochloride with an ctpial 
volume of water before using. Traces of manganese dioxide form benzidine 
blue (see p. 141). Consequently the whole paper will become blue, except 
those portions reduced by the ascorbic acid. 

Phosphomolybdate paper is prepared by bathing filter paper in a satu- 
rated alcohol solution of phosphoraolybdic acid. The paper is drained 
dried in a blast of cold air, and then bathed in a concentrated solution of 
ammonium nitrate that has been acidified with several drops of nitric acid. 
After washing with water, the paper is dried in a blast of air. 
for several days if stored in the dark. The paper must be rather fresh, 
since it gradually turns green, particularly in the daylight, because of reduc- 


tion by the cellulose. . , ... , 

Procedure (on MnOi paper): A drop of the test solution, which may be 
neutral, alkaline, or weakly acid ivith acetic acid, is placed on the rem^ent 
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paper. After the drop has soaked in, the paper is bathed in benzidine 
solution. When ascorbic acid is present, a white fleck is left on the blue 
paper. 

It should be noted that many reducing compounds, such as citric acid 
in weakly acid solution, react in this same way on manganese dioxide. To 
detect ascorbic acid when citric acid is also present, in fruit juices for 
instance, the test solution is first shaken with an excess of calcium car- 
bonate. A drop of the suspension is then placed on the reagent paper. 
The reduction of manganese dioxide by citric acid is completely prevented 
while the action of ascorbic acid is unaffected. 

Idenlification lAmit: 0.03 7 ascorbic acid (in 0.004 ml.). 

Concentration Limit: 1 : 130,000. 

Procedure {on {NHi)3POi-12 MoOs paper): A drop of the acid, neutral, 
or alkaline test solution is placed on the reagent paper. A blue or green 
fleck appears on the yellow paper immediately or after several minutes, 
depending on the quantity of ascorbic acid present. 

Citric acid does not react under these conditions, so that 1 part of the 
ascorbic acid can still be detected even though 1000 parts of citric acid 
are present. 

When testing urine for ascorbic acid, the specimen must be treated 
beforehand wth several drops of concentrated hydrochloric acid to prevent 
the uric acid from reducing the ammonium phosphomolybdate. The reac- 
tion of uric acid and urates with ammonium phosphomolybdate is very 
sensitive and can be used for the detection of these compounds. 

Identification Limit: 0,1 y ascorbic acid (in 0.01 ml.). 

Concentration Limit: 1:100,000. 

5. Detection of Native Albumin 

Chemical Basis: Reaction with the ethyl ester of tetrdhromophenolphthalein. 
The yellow solution of the ethyl ester of tetrabromophenolphthalcin 



acts as an indicator. In alkaline solution it is deep blue; on addition of 
dilute acids (even acetic) the yellow color is restored. Albumins also 
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produce a blue, which, however, is stable toward dilute acetic acid ; it dis- 
appears only on the addition of concentrated acetic acid or of mineral acids. 
The indicator combines with albumin and forms a salt-like compound, 
which is stable toward dilute acetic acid. If, therefore, a blue solution of 
the alkali salt of tetrabromophenolphthalein ethyl ester is treated with a 
solution of albumin, the blue persists on acidification with dilute acetic acid. 

The reaction is specific for native albumin. Scission products of albu- 
min, such as amino acids, di- and tripeptides, or peptones do not react. 
Alkaloids of high molecular weight, in considerable concentration, simulate 
this reaction. 

Procedure: The reagent is an 0.1 per cent alcohijl solution of the potas- 
sium salt of tetrabromophenolphthalein ethyl ester. A drop of the solution 
to be tested for albumin is treated on a spot plate, or in a microcruciblc, 
with a drop of the reagent. The mixture is acidified with 1 or 2 drops of 
0.5 N acetic acid. The color of the blank test becomes light yellow, while 
in the presence of albumin, a more or less intense blue appears. If only 
small quantities are involved, the solution remains greenish. 

The following quantities can be detected by the foregoing procedure: 


0.5 7 egg albumin 5 y edeatin 

0.5 7 hemoglobin 0.5 y clupein 

0.35 7 serum albumin 0.5 y salminc 

0.5 7 casein 1 7 gliadin 

A pathologically increased quantity of albumin can be detected in one 
drop of urine by means of this reaction. 


6. Detection of Tyrosine 

Chemical Basis: Reaction with a-nitroso-^-naphihol Tyrosine (I) and 
albuminous materials on treatment with a-nitroso-^-naphthol (II) and 
nitric acid produce a dark purple color: 



(I) 

The mechanism of the reaction ha^ not been clarified; the nitric acid seems 
merely to oxidize the «-nitroso-^-naphthol to «-nitro-d-naphthol, because 

it may be replaced by either manganese dioxide or lead dioxide. 

The reaction is specific for tyrosine in the presence of other ammo aci^ 
3 . 4 -dihydroxyphenylalanme, adrenaUne, thyroxine, aldehyd^, sugam, and 
urea. Simito reactions are given by many para-subst.tuted phenols such 
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as tyrosol, thyramine, p-cresol, p-ethylphcnol, hydroquinone monomethyl 
ether, /3-naphthol, phenolphthalein, 1 ,2,4-xyleiio], p-chlorophenol, p- 
bromo-m-cresol. 

To detect tyrosine in pathological urine or serum, 0.5 ml. of the specimen 
is mixed with 1 ml. of water and then treated with 1 ml. of 20 per cent 
trichloroacetic acid. The mixture is well stirred and the precipitated 
albumin is separated by centrifuging. The test is made on one drop of 
the centrifugate. 

Procedure: A drop of the solution to be tested for tyrosine is treated in a 
microcrucible with 1 drop of 0.2 per cent alcohol solution of a-nitroso-jS- 
naphthol. The mixture is heated and a drop of concentrated nitric acid 
is added to the hot solution. When tyrosine is present, a purple color 
appears. It fades after a few minutes. 

Albuminous materials almost invariably contain tyrosine and therefore 
can be detected easily by this reaction. They are conveniently hydrolyzed 
beforehand by heating with sodium hydroxide or sulfuric acid. 

Identijicaiion Limit: 0.05 y tyrosine. 

Concentration Limit: 1:1,000,000, 

7. Detection of Enzymes 

A number of inorganic substances may often be detected in extremely 
small amounts by their catalytic action, either by recognizing a product of 
the catalysis or by the disappearance of one of the participants in, the 
reaction. Such tests for the catalytic substance are nearly always specific. 
The following tost for certain enzyme groups present in the organic com- 
pounds of plant or animal material, rests on the same principle, when the 
enzyme plays an important part in certain chemical processes in the bio- 
logical material. Such enzymes (bio-catalysts) are distinguished by the 
changes they cause in definite substrates, such changes as oxidation, reduc- 
tion, change of hydrogen ion concentration, formation of characteristic 
compounds, etc. By the use of sensitive tests and very small amounts 
of substrate these changes may be recognized and hence the enzymes them- 
selves identified. 

Procedure: A drop of the substrate solution and a drop of the solution 
to be tested for a particular enzyme are mixed on a strip of filter paper or 
in a microcrucible. Both the sample and a blank test (a drop of water 
and a drop of the substrate) are heated for 40-60 minutes, under a cover 
glass to keep in the moisture, and the product of the reaction treated with 
a suitable reagent. 

In the accompanying table a summary of the tests for a few enzymes 
are given. 

Other reactions, described elsewhere in this book, may also be applied 
as tests for enzymes. Some examples will be given. 
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(a) Urease 

Urease causes urea to break up into ammonia and carbon dioxide. Small 
quantities of ammonia can be detected by the precipitation of the black 
adsorption compound Mn 02 - 2 Ag from a manganous-silver solution. 
Urease can therefore be detected by mixing a drop of the enz\7nc solution 
and a drop of 10 per cent solution of urea in the apparatus describeil on 
p. 51 (Fig. 28). The funnel stopper is covered with a piece of filter paper 
impregnated with manganous-silver solution (preparation see p. 202), 
When urease is present, the paper turns black in about 10 minutes due to 
the action of the ammonia liberated. 

Suggested test Tnaterial: soya beans. 


TABLE II 

Enzymes 


Enzyme 

Suhstrale 

ReaittU 

Color Change 

Diastase 

0.5% soluble starch 

Fehling’a solution 

brick r(!d or orange 

Iiiulase 

0.5% inulin 

■< « 


Inver tase 

0.5% cane sugar 


“ “ “ “ 

Emulsiu ' 

0.5% salicin 

“ “ 

U It (1 

Emulsin 

0.5% indicaa 

treatment with 
alkali with air 
blown through 

blue 

Lipase 

0.2% emulsion of olive 
oil 

methyl red 

red 

Butyrase 

0.2% ethyl acetate-water 
emulsion 

“ 

red 

Urease 

1% urea 

phenolphthalein 

rose 

Phenolase 

1% tincture of guaiac 

“ 

blue 

Tyrosinase 

tyrosine 


brown. 


(b) Z3rmase 

The zymase system ferments sugar with the formation of alcohol and 
carbon dioxide. The latter may be identified by the reaction descril)cd 
on p. 107 (decolorization of sodium carbonate solution colorcxl red with 
phenolphthalein). The test can be carried out in the apparatus de.scribe<l 
on p. 50 (Fig. 26). A drop of the solution to be tested for zymase is mixed 
with a drop of 5 per cent solution of glucose. The carbonate solution i.s 
decolorized in about 10 minutes when zymase is present. 

Suggested test Tnaterial: yeast. 

(c) ^-Glucostdases (Emulsln) 

Emulsin causes amygdalin (a glucoside) to break down with liberation 
of prussic acid. The latter can be easily identified by the cyanide test 
described on p. 145 (blue color with benzidine-copper acetate). 
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A drop of the solution to be tested for emulsin is placed in the apparatus 
described on p. 51 (Fig. 28). A little amygdalin is added and the funnel 
stopper is covered with a piece of filter paper impregnated with benzidine- 
copper acetate reagent (see p. 146), A blue color, after a few minutes, indi- 
cates prussic acid, and hence emulsin. 

Suggested test material: bitter almonds. 

(d) I/lpase 

Lipases are ferments that split esters. They can be detected by the 
test for esters described on p. 187 (formation of ferric hydroxamate). 

Single drops of castor oil emulsion (about 0.3 per cent) are placed in two 
microcrucibles. A drop of the solution to be tested for lipase is put into 
one of the crucibles. The crucibles are kept at 35°C. in the drying oven 
for 1 to 2 hours. The contents are then tested for esters. When lipase 
is present the reaction is negative or decreased in intensity, while the blank 
test gives the violet characteristic of esters. 

Suggested test material: mucous membrane of a hog’s stomach, 

(e) Proteases 

Proteases are albumin-splitting ferments which break down native 
albumin to lower polypeptides. They can be detected easily by using the 
albumin reaction described on p. 238 (formation of blue compounds with 
the ethyl ester of tetrabromophenolphthalein). 

Single drops of an aqueous suspension of a little casein or egg albumen 
are placed in two microcrucibles. A drop of the solution to be tested for 
protease is added to one of the crucibles, a drop of water to the other. The 
crucibles are kept at 35° C. for 1 to 2 hours in the drying oven. The solu- 
tions are then subjected to the albumin reaction. When protease is 
present, the response is negative or far less intense, while the blue color 
characteristic of albumins is given by the blank test. 

Suggested test materials: pepsin or trypsin. 

(f) Catalases 

Catalases are ferments which speed up the decomposition of hydrogen 
peroxide. They can thus be detected by the disappearance of the peroxide 
from the substrate. The reaction (p. 109) with lead sulfide (white fleck on 
PbS paper) can be used to indicate the presence or absence of hydrogen 
peroxide, 

A drop of the solution .to be tested for catalase is treated in a micro- 
crucible with a drop of 3 per cent hydrogen peroxide solution. A parallel 
test is made with one drop of the hydrogen peroxide solution. After an 
hour, a drop from each of the crucibles is placed on lead sulfide paper. 
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When catalase is present, the hydrogen peroxide reaction fails or is much 
weaker than in the blank test. 

Suggested test material: fresh meat. 

(g) Peroxidase 

The hemoglobin of blood has the activity of a peroxidase; it catalyzes 
the oxidation by hydrogen peroxide of benzidine to benzidine blue, 

A drop of the solution (urine, for instance) to be tested for blood is placed 
on spot paper (S. and S., 598 G) and treated first with a drop of 3 per cent 
hydrogen peroxide and then with a drop of 0.05 per cent solution of benzi- 
dine in 10 per cent acetic acid. When blood is present, a blue stain appears 
after a time, that varies from a few seconds to on^ minute, according to 
the amount of blood present. The color lasts for about one hour. 

The sensitivity and rapidity of the test may be increased, but at the 
expense of the length of the life of the color, by adding a drop of 2 A sodium 
hydroxide to the spot paper before carrying out the test. 



Chapter IX 


SPOT COLORIMETRY 

The use in analysis of colored precipitates or colored soluble reaction 
products foimcd by spot reactions is not limited to the detection of various 
inorganic or organic compounds, ions or radicals. Such spot reactions 
may also serve as the basis of quantitative methods based on the follow- 
ing principle of color comparison; 

The compound whose quantity is to be determined, is used to prepare a 
series of standard solutions, that is, solutions of the pure material in known 
concentrations. SuitaW spot reactions are carried out with a drop of 
each of these standard solutions, on a spot plate or on filter paper. A 
series of colored drops or flecks of different intensities is thus obtained. 
The same spot reaction is then made on the same medium with the drop 
of the test solution, whose content is being determined. The intensity of 
the color produced is compared against the color scale prepared from the 
standard solutions. It is not difficult to tell with which spot of the stand- 
ard series the sample agrees. Therefore the quantity of material involved 
can be determined. 

This method of quantitative determination by comparison of the color 
intensities produced by spot reactions is known as spot colorimetry. It 
has been used almost exclusively for the quantitative determination of 
inorganic materials. The subject can be considered in two categories, 
depending upon the procedure employed. In the first, the reaction is 
carried out with a drop of the test solution on the spot plate. In the 
second, the reaction occurs on filter paper. Accordingly, it is common 
practice to distinguish between: 

Spot colorimetry by comparison of colored solutions on non-porous 
substrates. 

Spot colorimetiy by comparison of spots (flecks) on filter paper. 

In addition to the method of direct color comparison there is another 
procedure in which spot reactions are used as directive quantitative deter- 
minations. It is based on the fact that every method of making a chemical 
test, and this includes spot reactions, gives clearly visible results only if 
the quantity of material to be detected is not below a certain lower limit; 
the identification limit (see p. 2). Consequently, if the identification 
limit of a color reaction performed as a spot test is known, a given test 
solution can be progressively diluted with constant testing of drops taken 
at the various dilutions, until the color reaction fails. The concentration 
of the original solution can then be calculated from the dilution required 
to reach this limiting concentration. For instance, if a certain spot reac- 
2 ^ 
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tion has an identification limit of 0.3 7 , in drops, and the test solution must 
be diluted to before the reaction is no longer visible, then one drop of 
the original test solution contained 1 ^ X 0.3 7 = 36 7 of the active mate- 
rial. The repeated dilution and testing of drops required by this procedure 
is time-consuming and the results are only approximate. It is inexact 
because the examination for the failure of a test always extends into the 
region of uncertain reaction (see p. 4). Therefore it is vitiated with a 
fundamental fault which cannot be eliminated. Furthermore, even slight 
experimental errors become quite significant, because the subsequent com- 
putation involves a multiplication. Consequently, quantitative deter- 
minations based on the ascertainment of the detection limit are of far 
less practical importance than the spot colorimetric determinations made 
by comparing the depth of color of solutions and flecks. 

A. Observations on the Making of Spot Colorimetric 
Determinations 

The volume of the test solution as well as the size of the drops of the 
test portion and of the standard solutions being compared must be known 
in all spot colorimetric determinations. These data are essential because 
the actual performance of the spot reactions and the comparison of the 
colors must always be followed by a calculation back to the volume of the 
original test solution or to the quantity of material dissolved in it. 

The size of the drops can be measured either by means of the iodine 
pictures (see p. 64) or the solutions can be placed in separate microburettes 
(1 ml. capacity) and the drops required for the spot reactions taken from 
these. The volume of the drops delivered by these burettes can, of 
course, be read directly. 

The microchemical and semi-microchemical nature of spot colorimetric 
determinations, as a rule, permits the use of less than three milliliters of 
a test solution for the execution of about ten comparison determinations. 
Consequently, dilute solutions may be evaporated to a small volume, and 
then placed in small calibrated flasks (capacity about 5 ml.). If necessary, 
too concentrated solutions can be suitably diluted. 

The most important detail in all spot colorimetric detenninations is that 
the spot reactions performed with drops of the standard and of the test 
portions must be carried out under exactly the same conditions, as far 
as possible. In practice, precisely identical conditions can be maintained 
only in the rather uncommon case when pure solutions are used. In 
general, the presence of varying quantities of accompanying materials 
must be taken into account. If the nature of these materials and their 
approximate quantity is known, the same materials in about the s^e 
proportions should be added to the standard comparison solutions. 
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step is absolutely necessary in determinations from which particularly 
accurate results are desired, because the presence of apparently indifferent 
materials can often affect the reaction picture of a chemical change. This 
is because the reaction of small quantities of a material may be retarded 
by large amounts of accompanying materials; in fact, the reaction is 
entirely prevented at times (see p. 13). 

The choice of the color reaction to be used in spot colorimetry is always 
determined by the individual problem. In general, quantitative deter- 
minations, provided they are not control determinations of thoroughly 
familiar products, are never carried out until the qualitative composition 
of the specimen has been established. The operator will then have a 
knowledge at least of the nature of the accompanying materials and can 
choose such spot reactions as are specific and subject to no, or only slight, 
influence by these other materials. Sometimes interfering materials can 
be masked by isolating them as complexes (see p. 148). In such cases, it is 
also necessary to mask the standard solution before carrying out the spot 
reaction. 

The choice of the color reaction is also made after ascertaining whether 
considerable quantities or only traces of the material to be determined are 
present in the solution. Since several test reactions of different sensitivity 
are available for many compounds and are also suitable for colorimetric 
determinations, it is easy to choose one that is appropriate for either larger 
or smaller quantities of the material being determined. As a rule, the 
less sensitive color reactions will be used when dealing with relatively 
large amounts, and highly sensitive color reactions will be reserved exclu- 
sively for very small quantities. 

In all color reactions there are concentration limits of the colored reaction 
product above which it is difficult to discern equal intensities or slight 
differences in intensities when the color of small volumes of liquid are com- 
pared on a spot plate or in flecks on paper. In general, differences in color 
intensity are best appreciated at medium and lower concentrations. The 
particular color itself is a factor. For this reason it is well to carry out a 
preliminary orienting color reaction with the test solution, so that after 
comparison with the color produced by the standard solution, an approxi- 
mate idea will be had as to which concentration range is best suited for an 
accurate comparison. The test solution can then be brought into conform- 
ity with these findings, either by proper dilution or evaporation. The 
accurate comparisons are then made with drops of the diluted or concen- 
trated solution. 

A series of decrea^g concentrations is prepared from the standard 
solutions; each member contains one half the quantity of dissolved material 
present in the preceding solution. After it has been found that the concen- 
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tration of the test solution lies between those of two successive dilutions, 
two or three dilutions within this range are prepared from the standard 
solution. The accuracy of spot colorimetric determinations is raised con- 
siderably by this procedure. 

It is not necessaiy to use calibrated vessels when diluting the test and 
comparison solutions for mere orientation trials. The ^ollo^ving method 
can be used: The first depression of a spot plate is filled with the solution 
to be diluted. Three drops are transferred to the next depression and 
mixed there with 3 drops of water. The mixing is accomplished by blow- 
ing through a pipette. Three drops of this 1 : 1 solution are placed in the 
next depression, diluted with 3 drops of water and i^ibced. This progressive 
dilution is repeated several times more. Drops of each of these diluted 
solutions can be taken for the spot reaction to determine the dilution most 
suitable for the actual colorimetric determination. The corresponding 
dilution for the quantitative measurement can then be made accurately in 
calibrated flasks. 

Spot colorimetric determinations give the best results when a color reac- 
tion is accomplished by bringing together one drop of the test portion and 
one of the reagent, or when a drop of the test portion is allowed to react 
directly on the solid reagent. This simple procedure Ls not possible with 
all color reactions, since neutralization, alkalization, acidification, etc., are 
often required. These preparative or additional steps must always be 
carried out in the same way, that is, in the same order and with the same 
quantities of auxiliary and main reagents both on the test solution and on 
the standard comparison solution. Special attention must be paid to the 
fact that sometimes the full intensity of color reactions is attained only 
after a certain period of time has elapsed. It is also important to know tlxat 
many colored products are not stable. Consequently, the spot reactions 
of the standard and the test solution should be made directly after each 
other, and the result of the reactions compared not merely once, but also 
after several time intervals. This also is easier if a preliminary orientation 
test has indicated the approximate concentration range most suitable for 
the comparison. 

Color reactions in colorless solutions with colorless reagents should be 
used whenever possible. If this condition cannot be met directly, that is, 
if the test solutions or the reagent are colored, nonetheless, this handicap, 
within certain limits, does not present an insuperable barrier for satisfactory 
spot colorimetric determinations. These measurements never involve the 
detennination of an absolute color, but require merely a comparison of 
colors, which may include mixed colors. Since the determination of a 
change in color is more difficult to evaluate in colored solutions ihm m 
colorless or only faintly colored surroundings, an effort should be made to 
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use dilutions of both the test and comparison solutions at which the match- 
ing of the colors is less influenced by the accompanying colored materials. 

Quantities of material ranging from 0.1 to 300 7 can be determined in one 
drop of the test solution by spot colorimetry. This signifies that quantita- 
tive determinations can still be made in solutions of 0.0007 to 0.6 per cent. 
The order of magnitude of the quantity that can be determined, accordingly, 
places these measurements in the class of microchemical or semi-microchem- 
ical determinations. 

As to the reliability of spot colorimetric determinations, the accuracy of 
the results depends on the kind and quantity of the material being deter- 
mined, the correct choice of the color reaction, the care with which the 
procedure is followed, and also the experience of the operator. It is obvious 
that the accuracy of these determinations, in general, is below that obtained 
from colorimetric determinations made with the aid of optical instruments. 
A deviation of ih 10 to 20 per cent from the theoretical value can be ex- 
pected in spot colorimetric determinations involving a comparison of tur- 
bidities or colors produced in drops of the test solution. Far better results 
are furnished by comparing color flecks on paper; if special precautions are 
taken, the deviation from the actual value can thus be reduced to 5 to 10 
per cent. 

It is always important to be cognizant of the possibilities and limits of 
application of analytical methods. This holds also for spot colorimetry; 
its goal can never be precision analyses, but it furnishes an excellent esti- 
mate of the quantity of material present in a solution in a shorter time than 
is possible by other methods. This type of orientation is fully adequate for 
many purposes, such as testing of materials, process control, etc. It fre- 
quently can be used in place of an exact analysis or it may furnish important 
directive information if such an analysis is to be made later. The advan- 
tages of spot colorimetric determinations are: the simplicity of the proce- 
dure, the small quantity of material required, economy of time. Further- 
more microchemical and semi-microchemical determinations can be made 
far more quickly by this procedure than when performed by the classical 
methods of microanalysis. In many cases the disadvantage of a lesser 
accuracy is fully compensated by the rapidity with which the determination 
can be made. 

B. Spot Colorimetry by Comparison op Colored Solutions 

The first spot colorimetric determinations based on the comparison of the 
intensity of color reactions produced by drops of a test solution on a spot 
plate or on filter paper were described about 1928 by the Kussian chemist 
N. A. Tananaeff. Since then this procedure has been repeatedly recom- 
mended, particularly in Russian publications, for the rapid estimation of 
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important constituents of minerals and for the chemical control of technical 
processes. 

Spot colorimetry using comparison of small quantities of colored mate- 
rials on a spot plate, or some other non-porous medium, are based on the 
premise that spot reactions give either colored soluble reaction products or 
that, after a given interval, a colored slightly soluble material is still 
homogeneously suspended throughout the solution. This latUT condition 
is often encountered when very small quantities of such compounds are 


formed, since these undergo a gradual aggregation and hence must pass 
through the range of colloidal dispersion and thus remain, temporarily at 
least, in apparent solution. Occasionally even relatively large quantities 
of slightly soluble compounds can be kept colloidally dispersed for consider- 
able periods by adding protective colloids, such as gelatin, ethyl cellulose, 
etc. Sulfid(^ and other insoluble compounds can be peptized by such 
additions, and the resulting colloidal “solutions” used for spot colorimetric 
determinations. It is well, in such cases, before starting the chemical 
reaction, to add the protective colloid either to the entire test portion or to 
the drop of this taken for the test. The same peptization must, of course, 
be applied to the standard solution. No general directions for peptizing 
precipitates can be given. Special trials must be made to discover whether 
a particular precipitate can be peptized, since success often depends on the 
kind and quantity of the other materials present. 

Spot colorimetric determinations based on the comparison of the color of 
solutions can be made mth colored true solutions or with colored colloidal 
solutions on white porcelain spot plates or on spot plates made of glass. If 
the latter are used, the matching of the colors is often facilitated by placing 


white or colored paper under the transparent plate. 

In'general, such color reactions as go to completion even at room^ tem- 
perature should be used in spot colorimetry. Any heating, to which of 
course the comparison solution must also be subjected, invariably intro- 
duces a factor of uncertainty with respect to the equality of the treatment. 
If heating cannot be avoided, the spot reactions should be made m micro- 
crucibles; during the heating these are set next to each other on either an 
electric hot plate, a heated asbestos mat, or a water bath. 

Stable colored suspensions (turbidities) can be compared mth re erence 
to the quantity of suspended material in the same way as colored solutions 
are matched. Actually these are not 

are reahy nephelometric determinations, which, however, are entirely 
analogous to color determinations in this technic. The formation of white 
or bright yellow precipitates which can form fairly stable suspensions 
(BaSO., BaCrO,. ZnS, etc.) may be used as the 

or more correctly spot nephelometnc detennmations. Black spot plates 
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should be used in such cases, or glass spot plates set on glazed black paper; 
in both instances it is easy to compare the intensity of the turbidities. Spot 
nephelometric determinations, in contrast to spot colorimetric measure- 
ments, must always be made very soon after bringing the reactants to- 
gether, to forestall the aggregation and sedimentation that invariably 
slowly ensue. 

As a rule, the characteristic chemical reactions used in spot colorimetry 
arc carried out with drops of the test and comparison solution. However, 
color reactions can be made with a larger volume of the solutions, several 
milliliters for instance, and then drops of the resulting colored solutions are 
taken out and matched on a spot plate. This procedure requires the for- 
mation of very stable colored solutions. It permits also the preparation of 
colored standard solutions, of which one or two drops can be taken for the 
comparison. 

Spot colorimetric determinations made on a spot plate require that the 
union of the drops occur at the bottom of the depressions; losses should not 
be incurred, for instance, through wetting of the walls or hanging of part of 
the solutions. Consequently, the depressions of the plate must be kept free 
of grease by wiping them with cotton soaked in alcohol or ether. It is 
never permissible to mix the solutions by stirring thcan with a glass rod; 
this inevitably leads to loss. The proper method is to blow on the drops 
from one side through a pipette. Since very small quantities of liquid are 
involved in these determinations, every slight loss produces rather signifi- 
cant errors in the results, and consequently, the greatest care is imperative 
in this type of work. 

The essential details of the technic are given in the foregoing and under 
the heading '‘Observations on the Making of Spot Colorimetric Determina- 
tions” (see p. 245). It is extremely important to acquire practical experi- 
ence by repeated trials. The following are recommended as practice 
exercises. 

Determination of: 

1. Iron (III) salts by formation of Fc(CNS )3 red solution. 

2. Iron (II) salts by formation of Fe(a,a'-dipyridyl)a^ ions. . . .red 

solution. 

3. Iron (III) and iron (II) salts in the presence of each other by use of 

1 and 2. 

4. Copper by formation of Cu(NHa)t''’ ions blue solution. 

5. Chromate by formation of chromate-diphenylcarbazide violet 

solution. 

6. Barium or sulfate by formation of barium sulfate white sus- 

pension. 
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7. Barium by formation of barium chromate. . . yellow suspension, 

8. Titanium by formation of Ti(IV)-chromotropic acid. .. .violet 

solution. 

9. Silicic acid (silica) by formation of silicomolybdic acid .... yellow 

solution. 

10. Traces of copper by decolorization of [Fe(CNS)8 + NajSjOj solu- 
tion (see p. 161). 

This is an example of a chronometric determination. 

C. Spot Colorimetry by Comparison of Colored Spoi's 
ON Filter Paper 


There are two methods of conducting spot colcfimetric determinations 
based on the comparison of colored flecks on filter pa(>er. The older pro- 
cedure is to bring drops of the test and comparison solutions into contact 
with drops of the reagent on filter paper and to compare the intensity of the 
colored spots. The second procedure has been developed since 1937 by 
the American chemist H. Yagoda; it represents a considerable advance 
because it can furnish much more accurate results. The spot reactions arc 
carried out on reagent papers with limited reaction surfaces and arc followed 
by a colorimetric comparison. 

If drops of solutions of reactants are united on fliter paper, the reaction 
(spot) picture is determined by a number of factors. In addition to the 
purely chemical chaises, adsorption phenomena, capillary and diffusion 
processes, characteristics of the paper, and other considerations play so 
important a part that the “spot picture” is always the compasitc of a com- 
bination of concurrent and subsequent chemical and physical changes (see 
Chapter III). Consequently, a comparison of the intensities of colored 
flecks on paper is only well suited for the estimation of small quantities of 
material, if the experimental conditions obtaining for the spot reactions of 
the test and comparison solutions are very similar. In particular, the 
influences of the accompanying materials, because of the capillary actions 
of filter paper, affect the aspect of the spot picture much more than they do 
when spot reactions are carried out on non-porous media. The capilfa^ 
separation of co-solutes and the local accumulation of reaction products m 
definite zones of the filter paper are a distinct advantage in qualitative spot 
reactions on paper, and they may contribute considerably to mcreasmg the 
sensitivity of the procedure. For quantitative purposes, however, these 
are a disadvantage. This is easily understood because the production of 
separate colored zones and rings deprives spot pictures, to a large extent of 
their uniformity. The intensities of such pictures are far more difficult to 
compare than are homogeneous colorations or turbidities m a drop of liquid, 
or homogeneous colorations on a surface. Therefore, spot colonmetnc 
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determinations based on the union of drops of the test and reagent so* 
lutions or on the placing of a drop of solution on reagent paper are sure 
to be inaccurate if an undisturbed capillary spreading is allowed to occur. 
The newer method, discussed in the next paragraph, has overcome this 
defect of the older procedure by a simple device, 

The formation of capillary pictures that interfere with spot colorimetric 
determinations and which are affected seriously by even indifferent accom- 
panying materials, can be avoided if the uninhibited capillary spreading of 
drops of solution placed on filter paper is prevented. This is accomplished 
by laying off a reaction field on filter paper that has been impregnated with 
certain reagents. The boundaries are established by treating the paper 
with materials that repel water or arc impermeable to it. If a drop of 
solution is placed on this reaction field, there is only a limited possibility for 
lateral migration; most of the liquid or the materials dissolved in it are 
forced to pass down into the paper, especially if a penetration in this direc- 
tion is hastened by applying weak suction. A reaction can then occur with 
the reagent present in the capillaries of the paper. The result is a constant 
deposition of colored reaction products and consequently the development 
of a uniformly colored fleck, which is precisely what is needed for a compari- 
son of colors. 

Colorimetric determinations by confinement of the reaction flecks are 
based, therefore, on the principle that drops of liquid pass through a later- 
ally bounded reagent barrier and thereby deposit colored reaction products 
and make possible a colorimetric comparison. It is obvious that this prin- 
ciple need not be restricted to single drops, but if insoluble colored com- 
pounds are produced, several drops or definite volumes of the liquid can be 
subjected to this passage. The accuracy of spot colorimetric determina- 
tions is thus increased. Comparisons within wider limits of the quantities 
of materials to be determined can also be made under these circumstances. 
The following description supplements this discussion. 

1. Conjined Spot Test Papers 

The test papers are squares of filter paper, 40 mm. on the side (S, and S., 
Nos. 211 and 598). The center of each square is impregnated with a ring 
of a chemically inert material (paraffin, wax, bakelite). This uniform 
barrier encloses an area of 100 mm.®, 50 mm.*, or 10 mm.®, as shown in 
Fig. 44. 

The choice of the particular reaction field for the spot colorimetric deter- 
minations that will be described here, is dictated by the quantity of ma- 
terial to be determined and by the volume of the liquid that is to be passed 
through the reagent barrier. 

The circular boundary will prevent the outward flow of water, aqueous salt 
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soIutionSj dilute acids and alkalies, alcohols and other volatile organic 
liquids, such as acetone, chloroform, etc. Paper No. 211 is absorbent, has 
a close texture, is free from surface irregularities, and is recommended for 
all spot tests when the reaction is made a single drop of solution. No. 
598 confined spot test paper is retentive and highly absorbent; its greatest 
reaction field permits the formation of uniformly colored spots from test 
portions measuring 5 to 10 ml., thereby extending the confined spot test 
technic to the analysis of samples of appreciable volume. 

The confined spot test papers can be prepared as follows; Very thin 
tissue paper is dipped in molten paraffin at about 1(X)°C. Tlie excess 
paraffin is drained off. The paraffined tissue paper, cooled to room tem- 
perature, is laid on the filter paper to be impregnalcd, and is pressed down 
for a moment, with a brass ring heated to about 90°C. The diameter of 
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Fig. 44. Confined spot test papers. The paraffin barrier, between the concentric 
circles, surrounds the reaction area 

the rings is 11 .3 mm,, 8 mm. and 3.6 mm., re.spectively, corresponding to the 
reaction fields specified. The warm metal is held with forceps; it melts the 
paraffin, which is then taken up by the underlying filter paper. When the 
tissue paper is removed, a paraffin ring is left on the filter paper. The 
impregnation is made within this bounded area. 

Papers provided with paraffin rings prepared by this method are on the 
market. 


2. Impregnation of the Reaction Field 

In general, it is better to impregnate the reaction field of the filter papers, 
prepared as described in (1), with the necessary reagents just prior to 
making the test. It is not weU to store prepared reaction papers designed 
for spot colorimetric determinations, because in many instances the ori^nal 
uniform and fine dispersion of the reagents is lost in the course of time. 
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Because of recrystallization the reagent becomes loosened from the capil- 
laries of the paper and it dusts off. 

The simple apparatus shown in Fig. 45 is suited for charging the reaction 
field with the necessary reagent. It will also be used in the actual spot 
colorimetric determinations. The apparatus consists of a wide neck 200 

ml. bottle. It is fitted with a two hole stopper carrying a funnel about 3.5 
cm. across, and a glass tube bent at right angles. The filter paper, provided 
with the paraffin ring, is laid on the funnel (C) and the junction made tight 
by means of the metal ring (B). The reagent solution is brought onto the 
reaction field in single drops, each drop allowed to evaporate in turn, and 
this addition is contimfed until the desired quantity of reagent has been 
applied. With volatile solutions (alcohol, ether, etc.) the solvent can be 
removed more quickly if gentle suction is applied through the tube (D). 

The best reagents for the procedure described here are those which give 
definite tests through the formation of intensely colored precipitates. The 
reagent itself should be colorless, easily soluble in volatile organic solvents, 
and difficultly soluble in water. If the reagent has these desirable solubility 
characteristics, a uniform and stable distribution both of the reagent and of 
the reaction product over the surface of the fleck is almost certainly assured. 

Water-soluble reagents can also be used to impregnate a confined reaction 
surface. A single drop of a concentrated solution is used and the spot is 
dried at 50*^ to 60®C. When the reagent is not soluble in alcohol, the water 
can be removed by adding drops of alcohol. 

The reagent must always be used in large excess. A spot surface of 100 

mm. 2 should contain 1 milligram of reagent for each 20 7 of the metal to be 
precipitated. The quantity of the reagent added is easily computed from 
the volume and the concentration of the reagent solution. Methyl alcohol 
has two advantages over ethyl alcohol as a solvent for reagents. The 
majority of reagents are more soluble in methyl alcohol, and consequently, 
a smaller number of drops of the saturated reagent solution is required to 
transfer a given quantity of the reagent onto the reaction field. Further- 
more, because of the greater volatility of this solvent, the drops of the 
reagent solution evaporate faster. Both factors aid in shortening the time 
necessary to prepare the reaction surface. 

It is best to prepare only small quantities of the reagent solutions. They 
should be kept in readiness in brown glass dropping bottles (15 ml. capac- 
ity). The volume of the drops need be determined only once for each 
solution. The operator then will know the number of drops necessary to 
bring one milligram of the solid reagent onto the reaction surface. It is well 
to note the volume of the drop on the label of the bottle. 
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3. Procedure for Spot Reactions with Test and Comparison Solutions 

The general rule that the spot reactions with the test and comparison 
solution should be made as far as possible under the same conditions, holds 
also when confined reaction surfaces are used. The procctlure given here 
requires that the drops of solution brought onto the reaction surface react 
immediately with the reagent that it meets there. Consequently, prepara- 
tive measures, such as adjustment to a definite pH, oxidation, reduction, 
etc., must be taken beforehand with both the test and comparison solutions. 

After the paper has been prepared for the test, as described in 1 and 2, 
it is placed on the funnel of the apparatus (Fig. 45), the junction made tight 
with the metal ring, and a definite quantity of the .sejution (test or compari- 
son) is brought onto the reaction surface. The necessary drops of solution 



Fig. 45. Apparatus for carrying out quantitative spot tests: (a) paper; (b) metal 
ring to hold the paper down; (c) funnel; (d) outlet for oral suction (through a rub- 
ber tube) 

are delivered from pipettes or microburettes, whose tips are drawn down 
to a fine capillary. The volume of the solution must be in accord with the 
area of the spotting surface. Volumes of liquid (single or several drops) of 
0.1 ml., 0.05 ml., and 0.01 ml. correspond to reaction fields whose areas are 
100 mm.\ 50 mm.^ and 10 nun.^, respectively. As soon as the precipitation 
ceases, slight suction is applied (by mouth or pump) through the tube (D) 
until all the liquid has been collected as drops on the under side of the paper. 
The hanging drop is taken off with a strip of filter paper, and the rest of the 
liquid is removed by laying the spot paper on dry filter paper. Finally , the 
paper is dried at 60° to 90°C. in an oven. In case warming is not permissi- 
ble, the water retained in the paper can be removed by washing with 
alcohol; the latter is then allowed to evaporate at room temperature. Fig. 
46 is a schematic presentation of the different steps of the procedure. If 
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several drops are to be added in succession, it is always necessary to wait 
until the previous drop has been completely absorbed or has run through, 
before the next drop is brought onto the paper. 

If a water-soluble reaction product is formed on the reaction field, it is 
obvious that only one drop of the test or comparison solution can be added 
in spot colorimetric determinations. As to the drying of water-soluble 
reaction products, it should be noted that in the absence of materials that 
cause decomposition of the paper, the reaction mixture can be evaporated 
to dryness by placing the test papers in a drying oven heated to 60° to 
70°C . The colored compound, along with the other salts present in the origi- 
nal solution, is thus deposited in the fibers of the paper. Ordinarily this 
procedure does not result in the formation of uniformly colored spots be- 
cause the dissolved solids tend to migrate toward the periphery of the 
barrier during the slow evaporation of the water. Advantage can be taken 



Fig. 46. Stages of a confined spot teat which leads to the formation of a colored, 
insoluble end-product: (a) paper with a water-repellant boundary; (b) paper after 
evaporation of the alcoholic reagent solution; (c) correct position of a test drop 
(0.01 ml.); (d) hanging drop after applying suction; (e) removal of the hanging drop; 
(f ) removal of the excess liquid 

of this when testing very dilute solutions, because the resulting concentra- 
tion of the colored substance along the inner boundary of the barrier makes 
the presence of the constituent being tested far more evident, 

4. Comparison of the Color Intensity 

The flecks produced from test and standard solutions by the foregoing 
method can be compared in incident or transmitted light. Deeply colored 
spots are compared most accurately by transmitted light. Spots formed 
by reaction with a small amount of the clement and where the colored pre- 
cipitate is deposited almost entirely on the upper surface of the test paper 
can be matched in reflected light. Immersion of the test paper in a clarify- 
ing medium such as carbon tetrachloride facilitates the comparison of 
deeply colored spots in a moderately intense light. This method is par- 
ticularly useful when the colored compound has penetrated the greater 
depth of the paper. 
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Flecks may be compared while they are still moist; this obviates the 
necessity of drying them. However, in general, it is preferable to compare 
dried flecks. In no case is it permissible to compare moist and dried flecks 
because the diverse translucence always causes great differences in the 
aspect of the spot picture. 

It is expedient to prepare a series of standard tests. These are flecks, 
of a definite reaction product of the material being sought, arrangt^i in the 
order of decreasing quantity. Such comparison scries can be kept on hand, 
if the flecks are coated with paraffin and thus protected against the action 
of the atmosphere. For this purpose the strips carrying the dried flecks 
are inunersed for five minutes in a solution of hard paraffin (10 per cent in 
carbon tetrachloride). iUter draining and evaporation of the solvent, the 
whole paper will be coated with a thin film of paraffin. Should the pre- 
cipitate on the paper be soluble in carbon tetrachloride, the specimen can 
be preserved by merely dipping the paper into melted paraffin. 

The comparison test papers, arranged in the order of the decrea.sing 
quantities of the material sought, can be mounted advantageously, like 
diapositives (lantern slides), between thin glass plates or slieets of cello- 
phane. When not in use, it is well to protect the series of comparison 
specimens against the action of light by wrapping them in black paper. If 
paraffined preparations are used for comparison, the fleck of the test solu- 
tion obviously must also be paraffined after it has been dried. Permanent 
preparations of the determinations are thus obtained, and in many cases, 
this is desirable. The colors of paraffined flecks are invariably compared 
in transmitted light. It is possible to paraffin flecks of soluble colored 
reaction products; of course, after they have been dried. 


D. Practice Exercises 

The determinations to be described necessitate no preliminary separa- 
tions, provided the material to be determined is the main constituent of the 
specimen. If this metal, however, is present only in small quantities as part 
of a complicated mixture, preparatory separations must usually be made. 
The classic methods of separation can be used. Microchemical procedures 
are recommended if small quantities of the sample arc taken. The follow- 
ing discussions include only those details pertinent to the quantitative 
performance of spot testing, 

1. Aluminum. The test is carried out on ashless filter paper (b. and b.. 
No. 598 G or No. 211). The reagent is prepared by dissolvmg 0.01 g. of 
aUmrin in 50 ml. of ethyl alcohol, adding 10 per cent ammonia water, and 
then diluting with water to 100 ml. A drop (0.05 m .) 
action surface (100 mm.') and immediately teeated mth 0.1 ml. of the test 
solution. Uniform distribution of the dye is best obtamed if a current of 
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air is directed against the surface of the drop through a pipette. The 
mixture is made alkaline by adding a drop of 0.5 per cent ammonia water. 
After one or two minutes, the liquid is drawn through the filter paper and 
removed by the method described previously. A blank is carried through 
the same procedure. The specimen and the blank are then dried in the air 
until the original red-violet of the blank has changed to the pale yellow of 
free alizarin. The specimen is then impregnated with paraffin and is ready 
to be matched, 

2. Bismuth. The reagent consists of a saturated solution of cinchonine 
in methyl alcohol containing 2 per cent of potassium iodide. A small quan- 
tity of the reagent is prepared by warming a mixture of 500 mg. of potas- 
sium iodide and 300 mg. of cinchonine with 25 ml. of methyl alcohol until 
completely dissolved. The .solution is allowed to stand overnight and the 
crystals which have separated are then filtered off. Two drops of this 
solution arc enough to impregnate a 100 ram.® reaction fleck. The orange- 
red color produced by bismuth appears only in acid solution. Accordingly, 
after the test drop has been removed, the reaction surface is treated with a 
drop of 1 per cent nitric acid. 

3. Cobalt. The reaction surface is prepared with one drop of a 5 per cent 
solution of benzimidazole in methyl alcohol. The purple precipitate, 
characteristic of cobalt, is developed by adding 0.5 per cent ammonia to the 
test drop. The alkalization by ammonia can be signaled by means of a 
thread of red litmus silk placed in the drop. 

4. Nickel. The reaction surface is impregnated mth one drop of a 2 per 
cent solution of dimethylglyoxime in methyl alcohol. One drop of an 
ammoniacal nickel solution is placed on the field and the characteristic red 
color of nickel dimethylglyoxime appears. 

5. Copper. The surface is prepared with a drop of a 5 per cent solution 
of benzoinoxime in methyl alcohol . The procedure is like that described for 
cobalt. Usually the green precipitate is obtained in a flocculent condition. 
It can be uniformly distributed over the reaction surface if, before drawing 
the drop into the paper, a stream of air is directed gently against the reac- 
tion mixture by means of a pipette. 

6. Iron. A reaction field (KX) mm.®) on ashlesa paper (S. and S,, No. 
598 G) is moistened with 0.05 ml. of a freshly prepared 0.02 per- cent water 
solution of potassium ferrocyanide. Without drying the paper, O.l ml. of 
the acidified test solution is brought on the reaction surface. Since the 
Prussian blue remains essentially in colloidal suspension, the water cannot 
be removed by suction. Consequently, the whole reaction mixture is 
evaporated on the spotted surface at 50° to 60°C., or the paper may be 
allowed to dry by standing at room temperature. 

This method permits the determination of iron in solutions that contain 
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10 to 250 7 Fe per milliliter. Smaller quantities of iron (0.5 to 10 7 Fe per 
milliliter) can be determined in the same way with the aid of 0.1 i>er cent 
ferrocyanide solution and a spotting surface of 50 mm.* The use of the 
more dilute reagent is advisable because of the danger that the color of the 
Prussian blue may be rendered indistinct by the yellow of the excess 
ferrocyanide. 

The procedure described for Prussian blue is also suitable for the deter- 
mination of divalent iron by means of a,a'-dipyridyl. A 2 per cent solu- 
tion in methyl alcohol is used as the reagent. 

7. Silver. The reaction surface is prepared with a drop of a saturated 
ethyl alcohol or acetone solution of p-dimethylamino~benzylidcnc rhoda- 
nine. A drop of the neutral test solution and a drop of 1 per cent nitric 
acid are then brought on the surface. After tlic red precipitate forms, the 
excess liquid is sucked off and the fleck washed with acetone. 

The procedure can be used only for the determination of very small 
quantities of silver. Becau.se of the slight solubility of the reagent, one 
drop of the saturated solution is sufficient only for the precii)itation of 2 7 
silver at the most. 



APPENDIX 
AuxUlaiy Reagents 

Concentrated Acids 



Specific Gravity 

Per cent by Weight | 

Approxipuiety 

Aceiic ocAd, glacial 

1.05 

j 99.5 ' 

17 iV 

Hydrochloric acid 1 

1.19 

37.9 

12 A 

Nitric acid 

1.42 

1 69.8 

16 AT 

Perchloric acid ' 

1.53 

1 60 

9 N 

Phosphoric acid. 

1.7 

1 85 

15 N 

Sulfuric acid t 

1.84 

1 96.0 

36 


Diluted Acids 


Aceiic acid. — Dilute 285 ml. of the concentrated acid to 1 liter with 

5 N 

Hydrochloric acid. — Dilute 430 ml. of the concentrated acid to 

5 N 

Nitric acid, — Dilute 310 ml. of the concentrated acid to 1 liter with 
water 

5 N 

Sulfuric acid. — Pour 140 ml. of the concentrated acid alowly and 
with Constant stirring into 500 ml. of water, cool, and dilute to 

1 liter ■ 

5 A 

Sulfurous ocid.— Prepare a saturated solution in water 

0.3 A 


Bases 


Ammonium hydroxide solution, concentrated. — The commercial 

product sp. gr. 0.88, contains about 28 per cent NHj 

Ammonium hydroxide solution, difuic.— Dilute 336 ml. of the con- 
centrated solution to 1 liter with water 

15 A 

i 5 A 

Barium hydroxide solution. — Shake 70 g. of crystallized barium 
hydroxide Ba(OH)3'8HiO with 1 liter of water; filter or siphon 1 
off the liquid (saturated solution) and protect from atmospheric 
COi 1 

1 

0.4 A 

Calcium hydroxide solution. — Shake 2 to 3 g. of calcium hydroxide ! 
with 1 liter of water; filter or siphon off the liquid (saturated 
solution) and protect from atmospheric COi 

0.04 A 

Potassium hydroxide so^uhon.— Dissolve 220 g. of the ordinary 
“pure” sticks (about 90 per cent KOH) in water and dilute to 

1 liter .... . ■ 

5 A 

Sodium hydroxide solution. — Dissolve 220 g. of the ordinary “pure” 
sticks (about 90 per cent NaOH) in water and dilute to 1 liter. . 

5A 

Salt Solutions* 

Ammontujn acetate, NH«CsHjOi (M.W.77).— Dissolve 231 g. of the 
salt in 1 liter of water 

1 3 A 


• The common reagents chlorine water, bromine water, iodine eolution, and 
hydrogen sulfide water are included here. 
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Salt Solutions* — Continued 



Approsimat^y 

Ammonium carbonate (the commercial salt ia a mixture of NHJICOi 


and NH4CO1NH1). — Dissolve 160 g. of the salt in a mixture of 
140 ml. of cone, ammonium hydroxide solution and 860 ml. of 
water 

4 N 

Ammonium chloride, NHiCl (M.W. 63. 5) .—Dissolve 270 g. of the 
salt in 1 liter of water 

3 N 

Ammonium oxalate, {NHO.C.Or HjO (M.\V.142).— Dissolve 35 g. of ! 
the crystalline salt in 1 liter of water ' 

0.5 N 

Ammonium sulfate, (NH4)2S04 (M.W.132).— Dissolve 132 g. of the 
salt in 1 liter of water 

2N 

Yellow ammonium sulfide solution, (NH4)sSs. — Use the Solution 
available commercially. It may be prepared, if desired, as 
follows; Saturate 200 ml. of cone, ammonia solution with ' 
HtS, keeping the solution cold; add 10 grams of flowers of ‘ 
sulfur and 200 ml, of cone, ammonia solution, shake until 
the sulfur has dissolved, and dilute to 1 liter 

6 N 

Colorless ammonium sulfide solution, (NHdiS. — Saturate 2 parts 
by volume of cone, ammonia solution with H2S, keeping the 
solution cold; add an equal volume of cone, ammonia solution ' 
and dilute with 6 parts of water. This solution is prepared 
as required 

6 N 

Barium chloride, BaCU* 21120 (M.W ,244) .—Dissolve 61 g. of the 
salt in 1 liter of water 

0.5 N 

Bromine water, Rrj (M.W. 160). —A saturated aqueous solution is 
prepared by shaking 35 grams or 11 ml. of liquid bromine with 

water 

Calcium chloride, CaCU-GHjO (M.W .219). — Dissolve 55 g. of the 
hydrated salt in 1 liter of water 

0.5 N 

Calcium sulfate, CaS04 '21120 (M.W. 172). — Shake 3 g. of the salt 
with 1 liter of water; filter or decant the saturated solution 
after several hours s . , . 

o.m N 

Chlorine water, Cl 2 (M.W .71). —Saturate 250 ml. of water with 
chlorine. The chlorine may be generated by dropping cone. 
HCl upon KMnOi. Preserve in a dark colored bottle. The 

solution contains 6.5 grams of Clj per liter 

Cobalt nitrate, Co(NOj)2-6H20 (M.W.291). — Dissolve 44 g. of the 
salt in 1 liter of w^ater 

0.3 N 

Copper sulfate, CuS04-5H20 (M.W.249.5). — Dissolve 125 g. of the 
salt in 1 liter of water containing 10 ml. of dilute sulfuric 
acid 

0.5 N 

Ferric chloride, FeClr 6H20 (^h\SL2Ji30LciPis»<^ve 135 g. of the 

(as oxidant) 

hydrated salt ini liter of water containing 20 ml. of cone. HCl. . 

0.5 A 

Ferrous sulfate, FeS0«‘7H20 (M.W.277),— Dissolve 140 g. of the 
salt in 1 liter of water containing 7 ml. of cone, H1SO4 

(as oxidant) 

0.5 N 


(as reductant) 
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Salt Solutions* — Continued 



AppreximaUty 

Hydrogen sulfide eolution, HjS (M.W.34).— Saturate 250 ml. of water 
with H 28 gas. The solution contains approximately 4.2 g. of 

0.05 N 

Iodine solution, Ij (M.W.254). — Dissolve 12,7 g. of iodine in a solu- 
tion of 20 g. of pure KI in 30 ml. of water, and dilute to 1 liter 

0.1 N 

Lead acetate, Pb{CjHi02)i-3Hj0 (M.W .379).— Dissolve 95 g. of the 
salt in 1 liter of water 

0.5 iV 

Magnesium aulfate, MgSO*- 7HjO (M.W. 246). — Dissolve 62 g. of the 
salt in 1 liter of water 

0.5Ar 

Mercuric chloride, HgClj (M.W.272). — Dissolve 27 g. of the salt in 

1 liter of water 

0,2 N 

Potaasium chromate, KjCrOi (M.W,194).— Dissolve 49 g. of the salt 

0.5 N 

Poiaasium cyanide, KCN (M.W.65). — Dissolve 32.5 g. of the salt 

(as precipitant) 

0.5 N 

Potassium ferricyanide, KjFe(CN)» (M.W.329).— Dissolve 55 g. of 
the salt in 1 liter of water 

0.5 iV 

! 

Potassium ferrocyanide, KiFe(CN)«-3HiO (M.W .422). — Dissolve 
53 g. of the salt in 1 liter of water* 

(as precipitant) 

0.5 AT 

Potassium iodide, KI (M,W,166).— Dissolve 83 g. of the salt in 1 > 
liter of water 

(as precipitant) 

0.5 N 

Potassium permanganate, KMnOi (M.W .316). — Dissolve 3.2 g. of 
the salt in 1 liter of water ; filter through glass wool or asbestos . 

0.1 N 

Potassium thiocyanate, KCNS (M.W .97), — Dissolve 49 g. of the j 
salt in 1 liter of water 

(as oxidant) 

0.6 N 

iSiirer nitrate, AgNO* (M.W.170).— Dissolve 17 g. of the salt in 

1 liter of water 

0.1 N 

iSiltJcr sulfate, AgiSOt (M.W.312).— Dissolve 8 g. of the salt in 

1 liter of water. This is nearly a saturated solution 

0.05 N 

Sodium acetate, NaCjHaOi-SHsO (M.W,136). — Dissolve 408 g. of the 
crystallized salt in 1 liter of water 

ZN , 

Sodium carbonate, NajCOj-lOHjO (M.W .286). — Dissolve 430 g. of 
the crystallized salt in 1 liter of water 

3 W 

Disodium hydrogen phosphate, NajHP 04 - 12 H *0 (M.W.358).— 
Dissolve 120 g. of the salt in 1 liter of water 

1 N 

iStannous chloride, SnCli-2HsO (M.W.226). — Dissolve 56 g. of the 
salt in 100 ml. of cone. HCl and dilute to 1 liter. Keep a few 
pieces of tin in the bottle to prevent oxidation 

1 

0.5 AT 


* The reagent used to remove calcium is 2 N. 
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Solid Reagents 


Aluminum (turnings or foil), A1 
Ammonium chloride, NH«C1 
Ammonium nitrate, NH*NOj 
Ammonium thiocyanate, NH^CNS 
Asbestos fiber, for filters 
Borax, NaiB<Or-10 H,0 
Calcium chloride, CaCli 
Calcium fluoride, CaF* 

Copper (foil or turnings), Cu 
Devarda*8 alloy (powder) 

Ferrous sulfate, FeSOi-T H-O 
Fusion mixture, NajCOi + KjCOi 
Glass toool 
Iron (wire), Fe 
Lead dioxide (Mn free) , PbOj 
Manganese dioxide (precipitated), MnOi 
Microscosmic salt NaNH4HPOr4 HjO 
Potassium bisulfate, KllSOi 
Potassium carbonate, KjCOi 
Potassium chlorate, KClOj 
Potassium cyanide, KCN 
Potassium dichromate, KsCr^OT 


Potassium nitrate, KNOj 
Potassium nitrite, KNO* 
Potassium iodide, KI 
Potossium permanflano/e, KAInO^ 
Potassium persulfate, KjSjOi 
iSiiico, SiOi 

(Sodium acetate (fused), NaC*HjOj 
(Sodium 6icar6onate, NallCOi 
Sodium bitar Irate, NallC^HtOj 
(Sodium hydroxide, NaOH 
(Sodium nitrite, NaNO* 

(Sodium nilroprusside, 
Na,[Fe(CI^).N0]-2II,0 
Sodium sut^te, NaiSOi-? H 2 O 
Stannic chloride, SnCU'5 HiO 
Stannous chloride, SnCl 2-2 11*0 
Starch (soluble) 

Sulfur (flowers), S 
Tartaric acid, 

Tin (pure foil), Sii 
7jinc (20 mesh), Zn 


Standard Solutions Containing 50 y Cation per Drop (0.05 ml.) 


Catum 

Fornitla oj Dry Compound 

Gram oJ 
Compou^ 
ptr LiUr 
of Solution 

1 

Special Precaution in Preparation oJ 
the Solution 

Al++^- 

Al2(S04),-18 H 2 O 

12.35 

Use 2 ml. of dilute HjS 04 


or K2S04-Ai,(S04)r24 H 2 O 

; 17.50 

Use 2 ml. of dilute H 1 SO 4 

Ag+ 

AgNO, 

1.58 


As+++ (0U8) 

AsjOi 

1.32 

Dissolve in hot w’atcr con- 
taining 2 ml. of dilute IlCl 
and dilute to 1 liter 

(ic) 

AsjOs 

or Na*HA 804 l2 HiO 

1.53 

5.37 

As for arsenious solution 

Au+++ 

AuCli-2 H,0 

1.72 


Ba++ 

Ba(NO,), 

1.90 


Be++ 

Be(NO,)i-4 H 2 O 

22.74 


Bi+++ 

Bi(NOi)r5HjO 

2.32 

Dissolve salt in 10 ml. of 
dilute HNOi and dilute to 
1 liter 

Ca++ 

Ca(NO,)2-4H20 

5.89 


C<i++ 

Cd(NO,)*-4 HiO 

2.78 

Use 0.5 ml. of dilute HNO| 

Ce+++ 

Ce(NO,),-6H,0 

3.03 


Co++ 

Co(NOj),-6H,0 

4.94 


Cr+++ 

1 CrCIrfi H,0 

5-12 

Use 5 ml. of dilute HCl 


i or K*S04 Cr,(S04)i-24 H»0 

9.60 

Use 6 ml. of dilute HjSOi 
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Standard Solutions Containing 50 y Cation per Drop (0.05 ml.) — 
Continued 


Cation 

Pormvla of Dry Compound 

Craipt of 
Sail per 
Liter of 
Solution 

Special Frecavlion in Preparation of 
the Solution 

Ce^ 

CsNO, 

1.47 



CuS 04>5 HjO 

3.93 

Use 0.5 ml. of dilute H,S 04 

Fe (ous) 

FeS04(NH4)2S04‘6Hi0 

7,03 

Use 2 ml. of dilute HjSOi 

Fc (ic) 

FeClr6 11,0 

4.84 

Use 5 ml. of dilute HCl 

(oub) 

Hg,(N0,),.2H,0 

1.40 

Use 10 ml. of dilute HNO, 

(ic) 

HgCl, 

1.35 



KCl 

1.91 



or KNO, ' 

2.59 


Li"*" 

Li NO, 

9.94 


Mg++ 

Mg(N0,)r6H,0 

10.54 


Mn++ 

MiiS04-4H,0 

4.07 



orM«iCl,-4H,0 

3.60 


Na+ 

1 NaCl 

1 2.54 



or NaNO, 

1 3.70 1 


Niii^ 

Nn*ci 

2.97 ! 



or NH 4 NO, 

4.44 


Ni++ 1 

NiS04-7 H,0 

4.78 ' 



or NiCl,.6 H,0 

4.05 


Pb++ 1 

Pb(NO,), 

1.60 

Use 0.5 ml. of dilute HNO, 

Pd++ j 

Pd(NO,), 

2.16 


Pt-w-h 

PtCL 

1.73 


Sb+++ (ous) 

SbOU 

1.88 

Dissolve in 60 ml. of dilute 




IICl and dilute to 1 liter 

Sb+++-H- (ic) 

SbCU ! 

2.45 

As for antimonous solution 

Su++ (ous) 

SnClr2 11,0 | 

1.90 

Dissolve in 10 ml. of cone. 




HCl and dilute to 1 liter 

Sn-^^ (ic) 

SnCl4-5H,0 ' 

2.95 

Dissolve in 50 ml. of dilute 




HCl and dilute to 1 liter 

Sr++ 

SrCl, -611,0 

3.04 



or Sr(N0,), 

2.42 


Ti-HH- 

Ti,(S04), 

4.01 

Add dilute H 1 SO 4 to obtain a 




clear solution 

T1+ 

TINO, 

1.30 


U-H-H-++ 

U0,(N0,),-6H,0 

2.11 


Zn++ 

ZnS04-7 H,0 

4.40 



or Zn(NOs), 

2.90 


Zr++++ 

Zr(OH)4 

1.75 

Dissolve in dilute UNO, and 




dilute to 1 liter 
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Standard Solutions Containing 50 y Cation per Drop (0.05 ml.)— 
Continy^ 


Anion | 

of Dry Compomnd 

Or ami of SoJt ptr 
Ltitr of 5oJh/wn 

cor- 

XaiCOrlOiljO 

4.93 

so,— 

Na,S0»-7 n,0* 

3.15 

s,or 

NaiS,0,-5 H,0* 

2.22 

s— 

Na,S-9 H,0* 

7.51 

SeOr- 

SeO, 

0.87 

TeOr“ 

KjTeO, 

1.22 

NO,- 

NaNO/ 

1.50 

CN“ 

KCN 

2.50 

CNO- 

KCNO 

1.93 

CNS- 

KCNS 

1.69 

Fe(CN)i— ' 

K4Fe(CN)i-3 H,0 

1.99 

Fe(CN)^— 

K,Fe(CN), 

1.55 

Cl- 

NaCl 

1.65 

Br 

KBr 

1.49 

I- 

KI 

1.31 

F- 

NaF 

2.21 

NO? 

1 NaNO, 

1.37 

cior 

KCIO, 

1.47 

BrOr 

KBrO, 1 

1.31 

lOf 1 

KIO, 1 

1.22 

cior 

KCIO 4 

1.41 

lOr 

KIO 4 

1.21 

BOr (Borate) 

Na,B4O7-10 HjO 

2.25 

SOj- 

Na,SO4-10 11,0 

3.36 

StO^- 

KSiOi 

1,42 

SiOj-'' 

NajSiO, 

1.61 

SiFr“ (Silicofluoride) 

NasSiF* 

1.32 

PO 4 -' 

Na7HP04l2 11,0 

3.77 

llPOr' (Phosphite) 

NaiHPO,-2 H,0 

2.70 

HjPOt (Hypophosphite) 

NaH,P0,-H,0 

1.63 

Nr (Azide) 

NaN, 

1.55 

CrOr“ 

KiCrO* 

1.67 

Cr,07-- 

KsCriO, 

1.36 

MnO* 

KMnOi 

1.33 

vor 

KVO, 

1.40 

MoOr- 

(NH4}.MotO, 4-411,0 

1.23 

wor" 

Na,\V 04 ' 2 H ,0 

1.33 

CiHiOj" (Acetate) 

NaC,H,Or3 H,0 

2.31 

H-COr (Formate) 

H-COsNa 

1.36 

CjOr- (Oxalate) 

Na,C,04 

1.52 

C 4 H 40 r~ (Tartrate) 

NaKC*Il 40,-4 H,0 

1.91 

CiHjOr— (Citrate) 

Na,C,H, 07‘2 H,0 

1.56 

C 7 HiOr (Salicylate) 

C«H4(0H)C0,Na 

1.17 

C 7 H,Or (Benzoate 

C,H4C0,K 

1.32 

C4H40r~ (Succinate) 

C,H*(CO,Na), 

1.40 


* These BolutioDS do not keep well and should be freshly prepared. 
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Absorption, and spreading of liquids on 
filter paper, 69 
Acetamide, 186 
Acetic anhydride, 188 
Acetoacetic ester, 179 
Acetone, 179 

— dicarboxylic acid, 179 
Aceturic ester, 185 
Acetylacetone, 179 
Acetylglycine eater, 185 
Aconitic acid, detection, 197 
Acrolein, 179 

— , detection, 179 
— , test for glycerol, 197 
Action and liberation of gases (vapors), 
48 

Activity, decreased, 80 
— , heightened, 80 

Adsorbed material, capillary picture of, 
71 

Adsorption, 18 

— on an indifferent carrier, 63 

— and trace detection, 18 

— in zones on filter paper, 63 

— picture, 70 
Air bath, metal, 47 
Albumin, detection in urine, 239 
— , native, detection, 238 

Alcohols, primary and secondary, detec- 
tion, 179 

Aldehydes, aliphatic and aromatic, dis- 
tinguishing between, 178 
— , detection, 178 

Alizarin, reagent for aluminum, 257 
— , zirconium, 136 

— sulfonic acid, reagent for boric acid, 

139 

Alkali, detection in ash, evaporation 
residues, etc., 227 

Alloys, electrographic testing of, 61 
Alum, 8 

Alumina, detection of iron in, 224 
— , identification, 226 
Aluminum alizarinate, 8 

— block, 46 

— , determination with alizarin, 257 

— oxalate complex, 154 


Aluminum oxide, 226 

— salts, detection of basic compounds 

in, 154 

, free acids in, 154 

Amazonite, 208 
Amides, acid, detection, 186 
Amines, aromatic, detection, 185 
— , detection, 182 

— , primary aliphatic, detection, 184 
— , secondary aliphatic, detection, 184 
Aminoacetic acid, 187 
Ammonia, detection, 172, 241 
Ammonium, mercuric thiocyanate solu- 
tion, preparation, 103 

— molybdate, reagent for silicic acid, 

211 , 212 

— molybdate solution, preparation, 147 

— phosphomolybdate paper, prepara- 

tion, 102 

— sulfostannate, transformation to io- 

dide, 91 

Amorphous silica, detection with silvcr- 
amminc chromate, 155 
Amygdalin, 241 

Analytical effectiveness, definition, 20 

— value of a chemical reaction, factors 

determining, 11 

Anhydrite and gypsum, differentiation, 
202 

Aniline, 186, 190 

— blue, formation, 194 
Anthranilic acid, 187 

Antimony, detection by phosphomolyb- 
dic acid, 101 

— j — in presence of tin, 102 
Apatite, 210, 212, 213 
Apparatus, for preparation of confined 
spot tests papers, 251 
Applicability of spot test analysis, lim- 
its of, 11 

Aragonite, and calcite, differentiation, 
201 

Arsenate, and phosphate, 213 
Arsenic, detection in organic compounds, 
173 
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INDEX 


Areenomolybdic acid, reaction with ben- 
zidine, 147 

Ascorbic acid, detection, 237 

, — in presence of citric acid, 23S 

, urine, 238 

Ash of paper, alkali content, 227 
Asliing and ignition, 48 
Atomizing tip, 40 

Auxiliary reagents, directions for prepar- 
ing, 260 


Bandrowski’s base, 178 
Barium, detection, 107, 16^ 

— , — as rhodizonate, 132 
— , — by induced precipitation of lead 
sulfate, 160 

— , — in presence of strontium, 168 
— sulfate, tinting of with permanganate, 
167 

Basic compounds, detection with Ni- 
dimethylglyoxime equilibrium solu- 
tion, 83, 225 

, silver manganese solution, 

201, 227 

Bauxite, 212, 226 
Bentonite, 226 
Bcnzaldehyde, 179 
Benzamide, 180 
Benzenesulfinic acid, 182 
Benzidine, <letection, 180 
— , oxidation to benzidine blue, 140, 212 
- by phosphomolybdate, 147, 212 

silicomolyhdic acid, 211 

, reagent for blood, 243 

j manganese dioxide, 92 

— sulfite, 162 
— , solution, preparation, 142 
Benzidine-copper acetate, reagent for 
cyanide, 145, 241 

Benzimidazole, reagent for cobalt, 258 
Benzoic anhydride, 188 
Benzoinoxime, reagent for copper, 258 
Benzyl amine, 184 
Beryl, 208 

Biological materials, 232 
Bismuth, detection as bismuth chro- 
mium thiocyanate, 106 
— by catalytic action, 158 
— , — in presence of copper, 159 
mercury, 159 


Bismuth, determination with cincho- 
nine-iodide, 258 
Bitter almonds, 242 
Blood, detection of potassium in, 234 
— , — in urine, 243 

Boric acid, detection with polyhydroxy 
anthroquinoncs, 139 

Bottles, for storing alkalies, protection 
of, 28 

— , water and solutions, 35 

Brass, 217 
Breunnerite, 199 
Bromthymol blue, 83 
Bronze, 217 

Buffer solution for lead test, 134, 217 
Burettes, 36 

Cadmium, detection as ferrous 

dipyridyl cadmium iodide, 121, 218 
— , — in presence of copper, 218 

— ^ — — silver, 122 

— , zinc, 218 

— , traces in copper or zinc, 217 
Calamine, 207 
Calcareous limestone, 202 
Calcitcand aragonite, differentiation, 201 
Calcium carbonate, 226 

— sulfate, see Gypsum 
Camphoric anhydride, 188 
Capillary eviction or retention, 77 

— pictures, factors influencing, 74, 75 

— spreading on filter paper, 68 
Carbazole, 186 

Carbonate, apparatus for detection, 50 
Carbon disulfide, solvent for sulfur, 229 
Carbonic acid, detection, 107, 241 
Carboxylic acids and derivatives, detec- 
tion, 186 
Casein, 239 

Catalases, detection, 242 
Catalyst, identification by catalyzed re- 
action, 16 

Catalyzed and induced reactions, 
analytical utilization, 16 

, mechanisms, 17 

~ reactions, 157 
Centrifuge, operation, 58 

— tubes, 45 

, cleansing, 59 

Centrifuging, advantage, 57 
— , substitute fOr filtration, 60 
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Ceric solution, reagent for silver, 160 
Cesium, reaction with dipicrylamine, 116 
Characteristic groups of atoms, detec- 
tion, 174 

Charcoal, alkali content, 227 
Chemical reactions and capillary separa- 
tions on filter paper, 77. 

Chemicala for spot test analysis, 24, 
260 

Chrome yellow, 217 

— steel, 205 

Chromite (chrome iron ore), 205 
Chromium, detection in rocks, steels, 
technical materials, 203 

— plated iron, 205 

Chromotropic acid, reagent for formalde- 
hyde, 193 

, titanium, 205 

Cigarette packages, metals on, 223 
Cinchonine-iodide, reagent for bismuth, 
258 

Cinnabar, 214 

Citrazinic acid, test for citric acid, 196 
Citric acid, detection, 196 
Clupein, 239 

Cobalt, detection with rubeanic acid, 128 
— — in presence of much iron, 149 
— , determination with benzimidazole, 
258 

— salts, free of nickel, preparation, 221 

— solutions, action with thiocyanate, 99 

— thiocyanate, extraction, 149 
Colloidal solutions, behavior toward 

filter paper, 72 

Colored versus colorless products, ease 
of discernment, 11 

Colorimetric determinations, accuracy, 
248 

Color intensity, comparison, 256 
Colors, matching of, 249 
Complex binding, enhancement of ac- 
tivity by, 13, 146, 160, 211, 212 

— salt solutions, diverse behavior, 75 
Concentration limit, calculation, 2 
Confined spot tests, 252 

papers, preparation, 253 

Congo red paper, action of acid, 82 
Copper, accumulation on silica gel, 100 
— , demonstration of solubility of, 235 
— , detection, 161 
— , — at high dilutions, 235 


Copper, detection in biological media, 
234 

— , — by formation of mixed crystals of 
complex thiocyanates, 103 
— , — in presence of cobalt and nickel, 
103 

— , iron, 103 

— , nickel and cobalt, 129 

— , — with rubeanic acid, 128 
— , determination with bonzoinoxime, 258 
— , crude, examination for cadmium, 218 

— sulfide, reagent for cyanide, 153 

paper, preparation, 154 

Co-solutes, capillary separation, 79 
Coumarinc, 188 

Cupric salts, reduction by filter pai^cr, , 

119 

Cuprous iodide paper, preparation, 105 

— mercuric iodide, 105 
Cryolite, 210 

Crystalloscopic method vcrsiis spot 
testa, 8 

Cyanide, detection, 153 , 241 
— , — in presence o( Bulfidc, 146 
— , — with benzidine, 145, 241 

Demasking, 13, 148 

Diacctylmonoximc-iiickcl solution, re- 
agent for hydroxylamino, 126 
Dianisidine, test for acrolein, 197 
Dicthylamine, 185 
Diffusion in filter paper, 73 
p-Dimcthylamino-benzylidcnc rhoda- 
nine, reagent for silver, 117, 259 
Dimethyl glyoxime, reagent for nickel, 
123, 231 

— paper, preparation, 81, 124, 219 
Dimethyl pyrone, 192 
Diphenylamine, 186 
— , reagent for oxalic acid, 194 
Diphenylcarbazidc, adsorption com- 
pounds with magnesium compounds, 
200 

— , reagent for chromium, 204 

— , palladium, 150 

Diphcnylthiocarbazone, see Dithizone 
Dipicrylamine, reagent for potassium, 
114,' 208, 234 

a,a'-Dipyridyl. reagent for ferrous iron, 
119, 224, 259 
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a,a'-DipyridyUferrou8 solution, reagent 
for cadmium, 218 
Dispersions, coagulation, 60 
Dithio-oxamide, 127 
Dithizone, reagent for lead, 230 

— , heavy metals in water, 100 

Dolomite, detection in limestone, 199 

— and magnesite, differentiation, 199 
Driers, 217 

Drinking water examination for lead, 
100, 233 

Dropper pipettes, 32 
Drops, taking and application, 32 
— , transfer to paper or spbt plates, 33 
Drop size, determination, 64, 67 

Edestin, 239 
Egg albumin, 239 

Electrographic or eIectro>spot pro- 
cedure, 20, 60, 219 

Elements in organic compounds, detec- 
tion, 171 
Emulsin, 241 
Enzymes, detection, 240 
— , summary of testa for, 241 
Eosin, capillary picture, 76 
Ethyl alcohol, methyl alcohol in, 193 

— formate, 187 

— urethane, 188 
Evaporation, apparatus, 46 

— and ignition residues, 225 
Extraction, 18, 63 

— and flotation, 97 

Fat, detection, 88, 89 
Fata, plant and animal, detection, 197 
Felspars, potassium and sodium, differ- 
entiation, 207 

Ferric chloride paper, preparation, 85 

— fluoride solution, 111 

— hydroxamate, 186, 242 

— thiocyanate, extraction, 99 

, action with fluoride, 99, 149 

Ferric-thiosulfate reaction, teat for cop- 
per, 161, 235 

Ferrocyanide and thiocyanate, separa- 
tion on ferric chloride paper, 85 
Filter paper, behavior toward colloidal 
suspensions, 72 

, drying after impregnation, 40 

, imbibition, 37 


Filter paper, impregnation by precipita- 
tion, 41 

, impregnated with insoluble re- 
agents, advantages, 77 

, soluble reagents, 39, 40 

, mineral constituents of,’ 37 

, placing drops on, 38 

, purity, 36, 68 

, spraying with impregnating solu- 
tions, 39 

— — , spreading of drops in, 37 

— — , starch in, 37, 66 
, test for iron in, 36 

thick or thin, choice of, 71, 81 

, varieties suitable for spot reac- 
tions, 37 

, w'arming of, 53 

— stick, 57 

Finely divided materials, localization, 
18, 98 

Flame test for halogens, 172 
Fluorescein chloride, 183 

— dyes, 188 

Fluorescence analysis, 19 
Fluorescent compounds, synthesis, 19, 
182 

Fluoride, detection, 152 
Fluorides, detection of iron in, 224 
Fluorine, detection in rocks and mineral 
waters, 210 

Fluorspar (fluorite), 210 

Foreign materials, influence, 11, 13, 14 

Formaldehyde, 179 

— , action on complex cyanides, 220 

— , detection with chromotropic acid, 193 

Formic acid, detection, 194 

Franklinite, 207 

Free bases, detection in organic mix- 
tures, 225 

— metals, detection, 222 
Furs, phenylenediamine in, 198 
Fusible white precipitate, 227 
Fusion with disintegrating flux, 48 

Galena, 207, 214 
Garnierite, 210 

Gas, identification in presence of other 
gases, apparatus for, 51 
Gases (vapors), action on paper, appa- 
ratus for, 49 

, as auxiliary reagents, 48 
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Gas generator, 49 
Gasoline, leaded, 231 
Glassware, cleaning, 29, 34, 45 
Gliadine, 239 
Glycerides, detection, 197 
Glycerol, detection, 197 
Glycocoll ester, 184 
Glycolic nitrile, 220 
^-Glucosidases, detection, 241 
Granulated metals, 223 
‘^Grease spot” test, 89 
Gypsura and anhydrite, differentiation, 
202 

Hair dyes, phenylenediamine in, 198 
Halide and similar ions, detection, 110, 
111 , 112 

Halogens, detection in organic com- 
pounds, 171 
Hemoglobin, 239 

Hexamethylenetetramine, 179, 227 
Hog*8 stomach, membrane, 242 
Human senses, threshold values and 
sensitivity, 6, 10 

Hydrazine, detection by phosphomolyb- 
die acid, 106 

Hydrazine and hydroxylaminc, differen- 
tiation, 106 

— sulfate, 184 

Hydrazoic acid, detection, 106 
Hydrochloric acid, activation by silver 
chloride, 100 

Hydrogen ions, adsorption, S4 

— peroxide, and peroxides, detection, 

109 

, action on complex cobalt cyanide, 

220 

— sulfide, detection in water, 228 

, precipitation with, apparatus for, 

49 

Hydroxamic acids, 186 
Hydroxylamine, detection, 126 
— , — by phosphomolybdic acid, 106 

— hydrochloride, reaction with mercuric 

oxide, 93 

Identification limit, definition, 2 

, satisfactory values, 8 

and concentration limit, factors 

influencing, 4 
and color, 6 


Identification limits of microchemical 
tests, 9 
Ignition, 51 

Illustrative experiments, 66, 74 , 81, 86, 
90, 91, 92, 93, 94, 95, 99 
Ilmenite, 206 
Indamine dye, 198 

Indifferent materials, influence on sensi- 
tivity, 13, 14 

— salts, effect on detection of potassium, 

116 

Indole, 186 
Indophenols, 179 
Induced precipitation, 166 

— reactions, characteristics, 16, 157 
Infusible white precipitate, 227 
Inorganic reagents for spot tests, 101 
Insecticides, 217 

Insoluble reagents, enhanced activity in 
papers, 39 

Iodine, action on free sulfur, 93 

— pictures, preparation, 64, 66, 68 
Iodine-azide reaction, reagent for 

sulfides, 163, 173, ISO, 215, 228 
Iron, detection by zinc ferrocyanide, 39 
— , — with a,a'-dipyridyl (phenanthro- 
line), 120, 223 
— , — in mercury salts, 223 
— , — of traces, 223 

— , determination with ferrocyanide, 258 

Kaolin, 210, 227 
Kieselguhr, 210, 227 

Laboratory, floor plan, 266 

— , general description, 23 

Lead, detection as rhodizonate, 133, 217 

— , — in alloys, pigments, glass, 217 

— , — — drinking w'ater, 100, 233 

— , — with benzidine, 143 

— , — in presence of barium, 135 

— , bismuth, 145 

— , silver, mercury, thallium, 

134 

— acetate, effect on litmus paper, 84 

— carbonate, 226 

— glass, 217 

— sulfate-acetate solution, preparation, 

167 

— sulfate and barium sulfate, differen- 

tiation, 135 
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Ijead sulfide, transformation into iodide, 
86 

pajjcr, preparation, 110 

, action with peroxide, 110, 242 

sols, 76 

— traces, accumulation, 134, 233 
Leather, chrome tanned, 204 
Leucites, 208 

Limiting proportion, 14 
Lipase, detection, 242 
Litharge, free lead in, 223 
Localisation of reagent, effect on sensi- 
tivity, 78 

Localized accumulation ' of materials, 
methods of obtaining, 63, 81, 82, 98 

Magnesia grooves, 44, 48 
Magnesite, 226 

— and dolomite, differentiation, 199 
Magnesium, detection, 104 

— ammonium phosphate, 226 

— hydroxide, adsorption compound with 

iodine, 7, 104 
— , metallic, 226 
Magnesium-carbonato acid, 200 
Magnification, slight importance in spot 
reactions, 18 
Malonic ester, 191 

Manganese, detection in presence of 
cerium, 143 

— , cobalt, 142 

— ^ copper, 143 

— , iron, 142 

— ^ silver and thallium, 143 

— , — detection with benzidine, 141 

— dioxide, finely divided, reaction, 91 

paper, preparation, 92, 236 

Manganic solution, reagent for silver, 160 
Masking, agents and reactions, 12 

— and demasking reactions, 148 
Materials, finely divided, enhanced re- 
activity, 63 

Meat, 243 

Mercaptans, detection, 180 
Mercuric chloride paper, effect of ultra- 
violet light, 95 

— cyanide, reaction with palladium 

salts, 150 

— oxide, action with hydroxylamine 

hydrochloride, 93 
paper, preparation, 93 


Mercuric oxide paper, effect of ultra- 
violet light, 94 

— sulfide, as trace catcher, 134, 233 

, action with iodide and iodine, 90 

Mercurous chloride (calomel) paper, 

action with ammonia, 89 
Mercury, apparatus for delivering uni- 
form drops, 36 
— , reagent for sulfur, 228 
— , detection by formation of cuprous 
mercuric iodide, 105 

— salts, iron in, detection, 223, 224 
Metals and alloys, acid-soluble, detec- 
tion, 225 

Metal sulfides, transformation to iodides, 
91 

Methyl alcohol, detection, 193 

(traces), detection in presence of 

ethyl alcohol, 193 

— ketones, detection, 179 

— salicylate, 188 
Methylaminc, 184, 191 

Methylene blue, capillary picture, 72, 74, 
77 

, and eosin, capillary separation, 82 

Micas, 208 

Microcentrifuge tube, 57, 58 
Microcrucibles, 44 
Microdistillation, apparatus, 52 
Micromortar, 30 
Microsieve, 30 
Micro-test tubes, 44 
Minerals, clectrographie testing, 61 
Mineral waters, fluoride in, 210, 211 
Molecules, numbers involved in spot re- 
actions, 10 

Molybdate-xanthatc reaction, 177 
Molybdenum blue, 102, 147, 211, 212, 222 

— fcrrocyanide, reagent for zinc, 206 

paper, preparation, 207 

Monochloroacetic acid, 187 
Moutmorillonite, 210 

Motor fuels, detection of tetraethyl 
(-phenyl) lead in, 230 
Muscovite, 208 
Mussel shells, M2 

l,2-Naphthoquinone-4-BuIfonic acid, 190, 
191 

Naphthylamine, 186, 227 
Naples green, 217 
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Natrolite, 210 

Nickel, detection electrographic, 219 
— , — with dimethyl glyoxime, 124 

— , rubeanic acid, 128 

— , — in presence of cobalt, 124, 125 

copper, 125 

— , cobalt, iron or copper, 130 

— , iron, 125 

— ^ manganese, 125 

— , electroplating and alloys, 219 

— , determination with dimethylgly ox- 
ime, 258 

— , traces, detection in cobalt salts, 219 
Nickel alloys, 219 

— carbonyl, detection, 231 

— dimethylglyoxime equilibrium boIu- 

tion as reagent for basic materials, 
83, 209, 225 

— — , paper, preparation, 87 

— hydroxide paste, reagent for sulfite, 

162, 182 

— thionalid equilibrium solution, 225 
m-Nitrana!ine, 191 

Nitrate and nitrite, detection, 108 
Nitrates and nitrites, differentiation, 109 
Nitriles, 186 

Nitro compounds, detection, 176 
Nitrogen, detection in organic com- 
pounds, 172 
o-Nitrophenol, 180 
NitroBo compounds, detection, 176 
5-Nitroso-8-hydroxy quinoline, reagent 

for phenols, 180 

a-Nitroso-|8-naphthol, reagent for tyro- 
sine, 239 

Oils, mineral, differentiation of new and 
used, 76 

— , motor, test for lead in, 231 
Oleic acid, 187 

Oligodynamic effect of metals, 234 
Opal, 210 

Ores, examination for soluble sulfur, 229 
Organic compounds, specific or selective 
action of groups in, 14 

— fuels, traces of sulfur in, 228 

— reagents, advantages, 38 

, modes of action, 114 

, types, 14 

— solvents, traces of sulfur in, 228 


Other groups, influence on organic reac- 
tions, 15 

Oxalic acid, detection, 194 

Palladium, detection by protective layer 
effect, 88, 126, 150 
— , — in presence of chromate, 151 

— , molybdate, 151 

Paper, differentiation of varieties, 227 
Paraffin, detection, 88 
Particles, fine, collection in interface, 
60,98 

Pegmatites, 210 
Pepsin, 242 , 

Permanganate, detection in presence of 
chromate, 85 
Peroxidase, detection, 243 
Peroxides, detection, 243 
Pharmaceutical products, examination 
for copper, 235 

a,a'-PhenanthroIine, reagent for ferrous 
iron, 119 

Phenols, detection, 179 
Phenylacetate, 188 
p-Phenylcnediaminc, detection, 198 
Phosphomolybdate paper, preparation, 
237 

— , reagent for aldehydes, 178 
Phosphomolybdates, action on benzi- 
dine, 146, 212 

Phosphomolybdic acid, enhanced reac- 
tivity, 101 

— , reagent for metals, 222 
Phosphoric acid, detection in presence of 
arsenic acid, 147 

, silicic acid, 148 

— — , — with benzidine, 140, 212 
Phosphorus, detection in organic com- 
pounds, 173 

Photochemical reactions, 20 

Phthalic acid, 190 

Phthalimide, 186 

Physical effects, employment, 17 

a-Picoline, 192 

Piperidine, 185, 191 

Pipette, and dropping bottles, 28 

Pipettes, cleaning, 59 

— , dropper, 58 

— , filtering, 66 

— , manipulation, 32 

— , transfer capillary, 58, 59 
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Plant and animal tiBsues, detection of 
copper in, 236 

— ash, 210 

Poly hydroxy anthroquinonea, tau- 

tomeric transformat iona, 136 
Potassium, detection with dipicrylaminc, 
115, 208, 234 

— , — in blood, saliva etc., 234 

— , presence of sodium, 116 

— j zinc, 117 

— , test for in siliceous rocks, 207 

— bichromate, 227 

— chromate, 227 

, detection in bichromotc, 225 

and potassium permanganate, be- 
havior of mixture on filter paper, 84 

— cobalticyanide, 220 

— cobalt thiocyanate, 99 

— ferrocyanide, reagent for iron, 258 

— mercuric sulfide, 75 

— methyl mercaptide, 182 

— nickel cyanide, 75 

, action with formaldehyde, 220 

, reagent for silver halide, 151, 

220 

— xanthate, 181 

Practice exercises for spot colorimetry, 
257 

Precipitated chalk, 202 
Precipitates, formation and fixing in 
zones, 80 

Proteases, detection, 242 
Protective layer effect, 63, 85 
Prussian blue test, sensitivity by various 
procedures, 5 
Pumice, 227 

Purpurin, reagent for boric acid, 139 
Pyridine, 192 
— , solvent for sulfur, 229 
Pyrites, 214, 230 

Pyrolusite, detection of iron in, 224 
Pyrrole derivatives, detection, 183, 186 

Qualitative organic analysis, 170 
Quantity sensitivity and concentration 
sensitivity, 2, 9 
Quartz lamp, 19, 20 

Quinalizarin, reagent for boric acid, 139 
Quinoline, 192 


Reaction medium, influence, 12, 13 

— velocity, 89 
Reactions difficult to see, 89 
Reactive — CHj and — NHj groups, 

detection, 190 

Reagent papers, advantages, 7, 17, 38, 39 
, drying, 78 

, stability and uniformity, 41, 78 

Reagents, localization on one side of 
paper, 40 

— , use of excess, 80 

Red lead, free lead in, 223 

Reducing agents, detection, 92, 120 

— sugars, detection, 236 
Region of uncertain reaction, 4 
Resorcinol, 180 

— , reagent for dicarboxylic acids, 188 
Rhodamine dyes, formation, 183 
Rhodaminea dialkylated, fluorescence, 
184 

Rhodizo nates of metals, 132 
Rhodizonic acid (sodium salt), 130 
Ring formation on filter paper, 70 

— test for nitrates and nitrites, 109 
Rocks and minerals, examination by 

spot tests, 199 

Rubber, vulcanized, detection of sulfur 
in, 230 

Rubeanic acid, 181 

, reagent for copper, cobalt, nickel, 

128 

Rubidium, reaction with dipicrylamine, 
116 

Rutile, 206 
Saccharin, 190 

Saliva, detection of potassium in, 234 

Salts of weak acids, detection, 225 

Schiff’s base, 197 

Search for traces, 9 

Selective reagent, definition, 12 

Semicarbazide, 191 

Sensitivity, 1, 2, 4 

Separation of solid and liquid phases, 54 
Serum albumin, 239 
Shaking out, 97 

Silica amorphous, detection, 210 
— , — and crystalline, differentiation, 
155, 209 

— gel, adsorbent for copper, 100 
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Silicates, decomposition, 48 
— , acid-decomposable, 209 
Siliceous rocka ^nd minerals, differentia- 
tion, 207 

Silicomolybdic acid, reaction with benzi- 
dine, 147, 211 
Silver, detection, 159 
— , — with benzylidene rhodanine, 118 
— , — in presence of gold, platinum, pal- 
ladium, 118 

— , mercury and thallium, 100 

— , determination with p-dimethyl-. 

amino-benzylidene rhodanine, 259 

— ammine chromate solution, 112, 113, 

156, 209, 210 

— chromate paper, reagent for halide 

and similar ions, lit 

— ferroeyanide, reagent for halide and 

similar ions, 110 

— halide, detection, 151 

— halides, accumulation in interface, 100 
, photolysis and nuclear action, 

112 

— nitrate paper, preparation, 23S 
Silver-manganese solution, test for am- 
monia, 172, 241 

, reagent for alkali, 201, 227 

; preparation, 202, 227 

Sodium carbonatc-phenolphthalein, re- 
action with calcium sulfate, 203 

, reagent for carbon dioxide, 107, 

241 

— di pic ryl amine paper, preparation, 116 

— naphthalene disulEouate, 182 

— nitroprusside, reagent for acrolein, 

197 

, methyl ketone, 179 

— pentacyano-ammine-ferroatc, reagent 

for nitroso compounds, 176 

— rhodizonate, reagent for lead, 217, 233 

— thioantimonate, 75 
Soils, fluorine in, 210 
Solid reagents, 263 

Solids, specimens, treatment, 29, 30 
Sols, behavior toward paper, 72, 76 
Solubility (ion) product, relation to 
sensitivity, 5 
— , test for, 55 
Solution dishes, 29 
Solutions, dilution of, 29, 247 


Solutions, preparation and storing, 27 
— , ways of heating, 52 
Soya beans, 241 
Special apparatus, 61 
Specifle organic compounds, detection, 
192 

— reagent, definition, 12 
Spoon, platinum, for fusions, 48 
Spot colorimetry, 21 

, by comparison of colored solu- 
tions, 248 

, spots on filter paper, 

251 

, practice exercises, 250, 267 

— plates, use and cleansing, 42 
versus paper for reactions, 43 

— reactions, advantages on paper, 64 
, application in qualitative organic 

analysis, 15 

, aa didactic demonstration experi- 
ments, 21 

, comparison with test tube reac- 
tions, 1 

, in porcelain and glass vessels, 41 

■, methods of performing, 26 

— — , quantitative, procedure, 256 

— test analysis, most evident objective, 

21 

, theoretical foundations, 1 

— testing, range of application, 21 
Spots, production and drying, 38, 65 
Spreading, experiments, 74 
Standard samples, collection, 24 

— solutions of pure materials, 27, 263 
Stannite solution, reagent for bismuth, 

159 

Starch in filter paper, 06, 181 
Statements of purity, 11 
Steam, apparatus for heating with, 63 
Stirrer, 42, 45, 59 

Strontium, detection as rhodizonate, 132 
— , — in presence of barium, 136 
Succinic anhydride, 188, 190 
Sulfate, detection with permanganate, 
167 

Sulfide, apparatus for detection, 61 

— minerals and ores, detection, 213 
Sulfinic acids, detection, 182 
Sulfite, detection, 162 

Sulfonal, 182 
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SulfoneB^ detection, 182 
Sulfonic acids, detection, 181 
Sulfo salts, detection, 165 
Sulfur (sulfidic) detection, 163 
— , addition to thallium sulfide, 229 
— , detection in organic compounds, 173 
— , finely divided, action on nickel 
hydroxide, 163 

— soluble, in ores and technical ma- 

terials, 229 

— traces, detection in organic solvents 

and fuels, 228 

— dioxide, detection, 181 
Superphosphate, 213 

Surface and capillary effecls in spot re- 
actions, 63 

— tension and local accumulation of 

reaction products, 18, 98 
Suspensions, comparison, 249 

Talc, 208 

Tartaric acid, masking agent, 148 
Tartrate-molybdate solution, prepara- 
tion, 148 

Technic of spot test analysis, 23, 27 
Technical materials, and products, 215 

, examination for soluble sulfur, 229 

Tertiary ring bases, detection, 191 
Tetrabromphenolphthalein ethyl ester, 
reagent for albumin, 238, 242 
Tetraethyl (-phenyl) lead, detection in 
motor fuels, 230 

, photochemical decomposition, 

230 

Thallium sulfide, transformation into 
iodide, 86 

Thallous sulfide paper, action of poly- 
sulfide and free sulfur, 96, 229 

, preparation, 86, 95 

Thioaldehydea and thioketones, 176 
Thiocyanate, detection, 164, 165 
— , — in presence of ferrocyanide, 85, 165 

— , iodide, 165 

Thioketones, detection, 180 

— and mercaptans, differentiation, 180 
Thiosulfate, detection, 164 
Thiourea, 181 


Tin, detection by phosphomolybdic acid, 
101 

— , — in presence of antimony, 102 
Titanium, detection with chromotropic 
acid, 205 

— , zirconium arsenate, 169 

— , — in minerals, technical products, 
205 

— white, 206 

Tooth powder, 201 , 202 
Topaz, 210 
Topochemistry, 64 
Trace catcher, 18, 98, 134, 235 

— detection, 9, 18 
Tricarballylic acid, 190 
Trypsin, 242 
Tyrosine, detection, 239 

— , — in urine or serum, 240 

Umbelliferones, 189 
Urease, detection, 241 
Urine, ascorbic acid in, 238 
— , detection of blood in, 243 

— , tyrosine in, 240 

— , teat for albumin in, 239 

Vitamin C, detection, 237 

Water, detection of copper in, 234 
— , — — fluorine in, 211 

— , lead in, 233 

— , hard and soft, differentiation, 227 
— , hydrogen sulfide in, 228 
— , test for heavy metals in, 100 
Working methods and special aids, 26 

Zeolites, 208 

Zinc, detection in minerals, 2(Xi 

— blende, 207 

— carbonate, 226 
— crude, 218 

— dross, 218 

— ferrocyanide paper, test for iron, 39 
— , metallic, 226 

— oxide, traces of metallic zinc in, 222 
Zincite, 207 

Zirconium, detection with alizarin, 138 

— alizarinate, reagent for fluoride, 152, 

153 






